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Dxwruhjuhvvlrqv ri txduwhuo| ru dqqxdo djjuhjdwh wlph vhulhv surylgh hylghqfh ri wuhqg0
uhyhuwlqj rxwsxw jurzwk dqg ri vkruw0whup g|qdplf dgmxvwphqw wkdw dsshduv wr eh jryhuqhg
e| frpsoh{ hljhqydoxhv1 Wklv qglqj lv dw rggv zlwk wkh suhglfwlrqv ri uhdvrqdeo| sdudphwhu0
l}hg/ frqyh{ rqh0vhfwru jurzwk prghov/ prvw ri zklfk kdyh srvlwlyh uhdo fkdudfwhulvwlf urrwv1
Zh vwxg| d fodvv ri rqh0vhfwru hfrqrplhv/ ryhuodsslqj jhqhudwlrqv zlwk qlwh olih vsdqv ri
u  / lq zklfk djjuhjdwh vdylqj ghshqgv qrqwulyldoo| rq wkh glvwulexwlrq ri zhdowk dprqj
frkruwv1 Li frqvxpswlrq jrrgv duh zhdn jurvv vxevwlwxwhv qhdu wkh vwhdg| vwdwh sulfh yhfwru/
zh suryh wkdw wkh xqltxh htxloleulxp ri d olih f|foh h{fkdqjh hfrqrp| frqyhujhv wr wkh xqltxh
vwhdg| vwdwh yld gdpshg rvfloodwlrqv1 Zh dovr frqmhfwxuh wkdw wklv irup ri wuhqg uhyhuvlrq
h{whqgv wr surgxfwlrq hfrqrplhv zlwk d uhodwlyho|  dw idfwru0sulfh iurqwlhu/ dqg zh whvw wklv
frqmhfwxuh lq vhyhudo sodxvleoh sdudphwhul}dwlrqv ri 880shulrg olih f|foh hfrqrplhv1
￿Frvwdv D}duldglv wkdqnv wkh Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv iru krvslwdolw| surylghg gxulqj wkh irupdwlyh
vwdjhv ri wklv uhvhdufk1 Wkh dxwkruv wkdqn Oxlvd Odpehuwlql/ Mrkq Odlwqhu/ dqg Kdudog Xkolj iru khosixo
glvfxvvlrqv dqg Qlfn Phjjrv iru uhvhdufk dvvlvwdqfh1 Wkh ylhzv h{suhvvhg lq wklv sdshu duh wkrvh ri wkh
dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv/ wkh Ihghudo Uhvhuyh Edqn ri
Plqqhdsrolv/ ru wkh Ihghudo Uhvhuyh V|vwhp141 Lqwurgxfwlrq
Shuvlvwhqfh dqg wuhqg uhyhuvlrq duh wzr zlgho| grfxphqwhg surshuwlhv ri wkh X1V1 rxw0
sxw jurzwk udwh1 Uhgxfhg0irup uhsuhvhqwdwlrqv ri wlph vhulhv gdwd vxjjhvw wkdw uhdo shu fdslwd
jurvv qdwlrqdo surgxfw +JQS, dqg uhodwhg phdvxuhv ri hfrqrplf dfwlylw| xqghujr gdpshg
rvfloodwlrqv lq uhvsrqvh wr whpsrudu| h{whuqdo vkrfnv/ dv grfxphqwhg/ iru h{dpsoh/ e| Qho0
vrq dqg Sorvvhu +4<;5,/ Eodqfkdug dqg Txdk +4<;<,/ dqg Frjoh| dqg Qdvrq +4<<8,1 Wklv
sdwwhuq dsshduv lq erwk wkh dxwrfruuhodwlrq dqg wkh lpsxovh0uhvsrqvh ixqfwlrqv ri vlpsoh
JQS dxwruhjuhvvlrqv +DUv,/ dv zhoo dv lq yhfwru dxwruhjuhvvlrqv +YDUv, wkdw lqfoxgh lqyhvw0
phqw/ hpsor|phqw/ lqwhuhvw udwhv/ dqg rwkhu yduldeohv1 Whpsrudu| uhvsrqvhv wr wrwdo idfwru
surgxfwlylw|/ iru h{dpsoh/ holflw iurp uhgxfhg0irup uhsuhvhqwdwlrqv ri srvwzdu X1V1 gdwd wkh
shuvlvwhqw/ kxps0vkdshg/ vhoi0uhyhuvlqj rxwsxw uhdfwlrq glvsod|hg lq wkh vrolg olqh ri Iljxuh
41 Wklv jxuh/ zklfk zh uhsurgxfh iurp Frjoh| dqg Qdvrq +4<<8/ s1 7<<,/ frpsduhv wkh
rxwsxw uhvsrqvh ri dfwxdo gdwd wr d wudqvlwru| vkrfn/ uhsuhvhqwhg e| wkh vrolg olqh/ dqg ri wkh
exvlqhvv f|foh prgho gxh wr Fkulvwldqr dqg Hlfkhqedxp +4<<5,/ uhsuhvhqwhg e| wkh grwwhg
olqh1 Lq wkh gdwd/ rxwsxw dffhohudwhv deryh lwv wuhqg udwh ri jurzwk iru d ihz txduwhuv/ hyhq0
wxdoo| vorzlqj grzq wr ehorz0dyhudjh jurzwk dqg dssurdfklqj lwv wuhqg ohyho zlwklq yh ru
vl{ |hduv/ zkhuhdv wkh prgho vkrzv prqrwrqlf ghfd|1 Frjoh| dqg Qdvrq +4<<8, qg vlplodu
uhvsrqvhv iru rwkhu exvlqhvv f|foh prghov1 Zh frqmhfwxuh wkdw prqrwrqlf ghfd| zrxog dovr
dsshdu lq vwdqgdug yhuvlrqv ri wkh ghvfulswlyh jurzwk prgho/ wkh rswlpxp jurzwk prgho/
wkh ryhuodsslqj jhqhudwlrqv +ROJ, jurzwk prgho zlwk wzr0shulrg olih f|fohv/ dv zhoo dv wkh
lqqlwh0olyhg h{whqvlrqv ri wkh ROJ prgho gxh wr Eodqfkdug +4<;8, dqg Zhlo +4<;<,1 Frjoh|
dqg Qdvrq +4<<8/ s1 833, frpphqw wkdw zkloh JQS uvw ulvhv dqg wkhq idoov lq uhvsrqvh wr
d wudqvlwru| vkrfn/ wkh prgho jhqhudwhv prqrwrqlf ghfd|1 Wkxv wkh prgho grhv qrw jhqhudwhTransitory Impulse Response Function
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Iljxuh 4= Wkh uhvsrqvh ri JGS wr d wudqvlwru| vkrfn lq wkh gdwd +vrolg olqh, dqg lq d exvlqhvv
f|foh prgho +grwwhg olqh,1 Lq wkh gdwd/ rxwsxw uvw jurzv dw d idvwhu0wkdq0wuhqg sdfh/ wkhq dw d
vorzhu0wkdq0wuhqg sdfh/ iroorzlqj d vkrfn1 Hyhqwxdoo| rxwsxw uhwxuqv wr lwv suhvkrfn ohyho1 Lq wkh
prgho/ rxwsxw rqo| jurzv dw d vorzhu0wkdq0wuhqg sdfh iroorzlqj wkh vkrfn1 Wklv jxuh lv uhsurgxfhg
iurp wkh orzhu uljkw sdqho ri Iljxuh 6 lq Frjoh| dqg Qdvrq +4<<8/ ss1 7<5844,1
dq lpsruwdqw wuhqg0uhyhuwlqj frpsrqhqw lq rxwsxw1
Wuhqg uhyhuvlrq prwlrq srvhv d vhulrxv sureohp iru hfrqrplf wkhrulvwv14 Lw phdqv
wkdw frpsoh{ ru qhjdwlyh uhdo hljhqydoxhv dsshdu wr jryhuq wkh vkruw0whup g|qdplfv ri X1V1
rxwsxw dqg rwkhu djjuhjdwhv/ hyhq wkrxjk doo hpslulfdoo| sodxvleoh rqh0vhfwru prghov ri frqyh{
jurzwk wkdw zh nqrz ri duh lqfdsdeoh ri uhyhuvlqj wkhlu htxloleulxp prwlrq ehfdxvh doo wkhlu
vwdeoh hljhqydoxhv duh srvlwlyh dqg uhdo1 YDUv/ lq vkruw/ wxuq rxw wr lpso| dgmxvwphqwv wr
wudqvlwru| glvwxuedqfhv zklfk glhu vwulnlqjo| iurp wkh suhglfwlrqv ri doo zlgho| xvhg jurzwk
prghov1 Krzhyhu/ lw vhhpv vhqvleoh wr exlog prghov zklfk duh frqvlvwhqw zlwk erwk jurzwk
dqg exvlqhvv f|foh idfwv15
4Zh srvwsrqh xqwlo Vhfwlrq 8 glvfxvvlqj krz wkh whpsrudu| lpsxovh uhdfwlrqv ri uhgxfhg0irup YDUv glhu
iurp wkrvh ri rqh0vhfwru jurzwk prghov lq shuvlvwhqfh dqg wuhqg uhyhuvlrq1
5Wklv eholhi lv edvhg rq wkh vhplqdo frqwulexwlrq ri N|godqg dqg Suhvfrww +4<;5, dqg wkh odujh olwhudwxuh
5Rqh vroxwlrq wr wklv sureohp lv wr frpsolfdwh ru glvfdug vrph ri wkh edvlf dvvxpswlrqv
xqghuo|lqj frqyh{/ qhrfodvvlfdo prghov ri rqh0vhfwru jurzwk1 Iru h{dpsoh/ qhjdwlyh vwdeoh
hljhqydoxhv rffxu lq rqh0vhfwru ROJ prghov ri hqgrjhqrxv  xfwxdwlrqv li zh dvvxph fhuwdlq
w|shv ri odujh lqfrph hhfwv dv lq Judqgprqw +4<;8,/ kljko| hodvwlf oderu vxsso| dv lq Uhlfkolq
+4<;9,/ ru orz hodvwlflwlhv ri fdslwdo0oderu vxevwlwxwlrq dv lq Ehqkdele dqg Odurtxh +4<;;,1
Erogulq dqg Prqwuxffklr +4<;9, ghprqvwudwh wkdw d pxowlvhfwru rswlpxp jurzwk prgho kdv
d qhjdwlyh vwdeoh hljhqydoxh zkhq wkh udwh ri wlph suhihuhqfh lv vx!flhqwo| kljk1 Frpsoh{
hljhqydoxhv/ frqyhuvho|/ dsshdu lq uhsuhvhqwdwlyh djhqw prghov zlwk odujh qrqfrqyh{lwlhv gxh
wr prqrsrolvwlf frpshwlwlrq dv lq Jdol +4<<9, ru whfkqrorjlfdo lqfuhdvlqj uhwxuqv wr vfdoh dv lq
Ehqkdele dqg Iduphu +4<<7, dqg lq qrqfodvvlfdo jurzwk prghov zlwk lqyhvwphqw/ jhvwdwlrq/
ru surgxfwlrq odjv dv lq Vdpxhovrq +4<6<,1
Qrqh ri wkhvh h{whqghg jurzwk prghov grhv d jrrg mre ri uhfrqflolqj wuhqg uhyhuvlrq
zlwk jurzwk wkhru|/ ehfdxvh qrqh vhhpv deoh wr suhglfw frpsoh{ ru qhjdwlyh hljhqydoxhv iru
hpslulfdoo| sodxvleoh fkrlfhv ri wdvwh dqg whfkqrorj| sdudphwhuv1 ROJ prghov zlwk wzr0
shulrg olih f|fohv w|slfdoo| qhhg hodvwlflwlhv ri vxevwlwxwlrq lq frqvxpswlrq ru surgxfwlrq wr
eh idu ehorz rqh lq rughu wr jhqhudwh hqgrjhqrxv  xfwxdwlrqv1 Pxowlvhfwru rswlpxp jurzwk
hfrqrplhv h{shulhqfh f|folfdo dqg fkdrwlf g|qdplfv dw udwhv ri wlph suhihuhqfh fruuhvsrqglqj
wr dqqxdo lqwhuhvw udwhv ri 433( ru pruh/ dffruglqj wr Erogulq +4<;<,1 Dqg hvwlpdwhv ri
uhwxuqv wr vfdoh lq X1V1 surgxfwlrq gxh wr Edvx dqg Ihuqdog +4<<:, udlvh txhvwlrqv derxw
wkh vfdoh hhfwv uhtxluhg wr h{wudfw frpsoh{ hljhqydoxhv iurp qrqfrqyh{ hfrqrplhv zlwk d
uhsuhvhqwdwlyh krxvhkrog1
Lw lv kdug wr uhvlvw wkh frqfoxvlrq wkdw hfrqrplf wkhru| kdv qrw |hw frph xs zlwk
lqvsluhg e| wkhp1
6d sodxvleoh h{sodqdwlrq iru rxwsxw wuhqg uhyhuvlrq1 Zkdw phfkdqlvpv frqyhuw d whpsrudu|
h{whuqdo vkrfn wr d vhoi0uhyhuvlqj prwlrqB Lq wklv sdshu/ zh sursrvh dq dqvzhu wr wklv txhv0
wlrq e| wdnlqj d fduhixo orrn dw wkh g|qdplfv ri d uhodwlyho| xqidploldu fodvv ri rqh0vhfwru
jurzwk prghovROJ hfrqrplhv zlwk qlwh olih f|fohv ri wkuhh ru pruh shulrgv1 Zh irfxv
rq wklv fodvv ehfdxvh/ dv zh zloo vkrz/ hfrqrplhv lq wklv fodvv wxuq rxw wr kdyh wzr surs0
huwlhv wkdw duh xqltxh dprqj jurzwk prghov= +4, htxloleulxp g|qdplfv ghshqg qrqwulyldoo|
rq wkh lqwhujhqhudwlrqdo glvwulexwlrq ri zhdowk/ dqg +5, rxu fdofxodwlrqv vkrz wkdw prvw ri
wkh vwdeoh hljhqydoxhv wxuq rxw wr eh frpsoh{1 Wkhvh idfwv vxjjhvw wkdw ROJ prghov zlwk
uhdolvwlf olih f|fohv dqg vwdqgdug sdudphwhu frqjxudwlrqv kdyh/ lq sulqflsoh/ wkh delolw| wr
gxsolfdwh/ lq d qhrfodvvlfdo frqwh{w/ wkh vkruw0whup exvlqhvv f|foh pryhphqwv ri rxwsxw dqg
rwkhu pdfurhfrqrplf wlph vhulhv1
Zh surfhhg dv iroorzv1 Vhfwlrq 5 vxpv xs wkh hylghqfh rq wkh hljhqydoxhv ri wkh
vlpsohvw DU dqg YDU uhsuhvhqwdwlrqv ri txduwhuo| djjuhjdwh wlph vhulhv1 Frpsoh{ ru qhjdwlyh
fkdudfwhulvwlf urrwv duh d idluo| urexvw ihdwxuh ri wkh gdwd/ hvshfldoo| zkhq zh lqfoxgh odjv
ri dw ohdvw wzr txduwhuv1 Wklv qglqj lv lq dffrug zlwk Vhfwlrq 6/ zklfk fdoleudwhv d ydulhw|
ri ROJ hfrqrplhv zlwk dqg zlwkrxw surgxfwlrq iru olih f|fohv ri 6 dqg 88 shulrgv1 Zh
wkhq wxuq wr surylglqj dq h{sodqdwlrq iru wkh xeltxlw| ri frpsoh{ ru qhjdwlyh hljhqydoxhv
lq ROJ hfrqrplhv zlwk qrqwulyldo olih f|fohv1 Vhfwlrq 7 suryhv d wkhruhp wkdw uxohv rxw
prqrwrqlf frqyhujhqfh wr wkh xqltxh vwhdg|0vwdwh iru hqgrzphqw hfrqrplhv dqg fhuwdlq
fodvvhv ri surgxfwlrq hfrqrplhv zkhqhyhu frqvxpswlrq jrrgv duh zhdn jurvv vxevwlwxwhv dw
sulfh yhfwruv forvh wr wkh vwhdg|0vwdwh sulfh yhfwru1 Vhfwlrq 8 orrnv pruh eurdgo| dw wkh lvvxh
ri pdwfklqj wkh lpsxovh0uhvsrqvh ixqfwlrqv ri YDUv zlwk wkrvh ri wkhruhwlfdo jurzwk prghov1
D vxppdu| dqg d olvw ri h{whqvlrqv pdnh xs Vhfwlrq 91
751 Hljhqydoxhv lq DU djjuhjdwh wlph vhulhv prghov
D odujh olwhudwxuh dqdo|}hv wkh wlph vhulhv surshuwlhv ri X1V1 jurvv grphvwlf surgxfw
+JGS, dqg rwkhu djjuhjdwh yduldeohv/ dv/ iru h{dpsoh/ lq Vlpv +4<;3,1 D zlgho| grfxphqwhg
qglqj lv wkdw prvw yduldeohv duh qrw zhoo fkdudfwhul}hg dv uvw0rughu olqhdu xqlyduldwh sur0
fhvvhv1 Lqvwhdg/ wkh gdwd lqglfdwh d ulfkhu irup ri dxwrfruuhodwlrq wkdq lv frqvlvwhqw zlwk d
uvw0rughu dxwruhjuhvvlyh ^DU+4,` prgho dqg wkxv udlvh wkh srvvlelolw| ri frpsoh{ ru qhjdwlyh
hljhqydoxhv lq hpslulfdo uhgxfhg irupv1 Zkloh wkh dxwrfruuhodwlrq surshuwlhv ri pdfurhfr0
qrplf wlph vhulhv kdyh ehhq dqdo|}hg lq ghwdlo lq wkh olwhudwxuh/ ohvv lv nqrzq derxw wkh
fruuhvsrqglqj hljhqydoxhv lq wkhvh uhgxfhg0irup prghov1
Lq wklv vhfwlrq/ zh vwxg| wkh hljhqydoxhv lq hvwlpdwhg DU prghov ri JGS dqg YDU
prghov ri JGS dqg rwkhu djjuhjdwh wlph vhulhv1 Zh irfxv rq wkh olnholkrrg wkdw wkhuh
duh frpsoh{ ru qhjdwlyh hljhqydoxhv lq wkh DU dqg YDU uhsuhvhqwdwlrqv ri djjuhjdwh wlph
vhulhv wkdw duh urxwlqho| xvhg lq hpslulfdo pdfurhfrqrplfv1 Zh vwduw e| hvwlpdwlqj vlpsoh
xqlyduldwh DUv iru uhdo JGS dqg uhsruw wkh hljhqydoxhv edvhg rq wkh srlqw hvwlpdwhv iurp
wkh DU1 Wr dvvhvv vdpsolqj xqfhuwdlqw| lq wkh hljhqydoxhv/ zh xvh d qrqsdudphwulf errwvwuds
whfkqltxh wr exlog dq hpslulfdo glvwulexwlrq1 Iroorzlqj wkh xqlyduldwh dqdo|vlv/ zh frqvlghu
YDUv ehwzhhq uhdo JGS dqg rwkhu yduldeohv1 Zh xvh srvwzdu txduwhuo| gdwd/ udqjlqj iurp
4<7;=34 wr 4<<:=371 Wkh gdwd lqfoxgh uhdo JGS/ frqvxpswlrq/ {hg lqyhvwphqw/ dqg wkh
lqwhuhvw udwh rq wkuhh0prqwk X1V1 Wuhdvxu| eloov1
8D1 Hljhqydoxhv lq xqlyduldwh DUv ri JGS
Zh uvw frqvlghu xqlyduldwh prghov ri JGS=
Eut| ' 0| +4,
zkhuh  lv d yhfwru ri frh!flhqwv lq wkh odj rshudwru u dqg t lv wkh qdwxudo orj ri uhdo
JGS1 Vlqfh wkhuh lv qr frqvhqvxv rq krz wr ghfrpsrvh hfrqrplf wlph vhulhv lqwr wuhqg dqg
f|folfdo frpsrqhqwv/ zh xvh wkuhh dssurdfkhv wkdw kdyh ehhq xvhg lq wkh olwhudwxuh= +4, wkh
olqhdu wlph wuhqg/ +5, olqhdu dqg txdgudwlf wlph wuhqgv/ dqg +6, wkh Krgulfn0Suhvfrww +KS,
owhu1 Iru hdfk prgho ri wkh xqghuo|lqj wuhqg/ wkh f|folfdo frpsrqhqw E+| lv ghqhg dv wkh





+|  t|  	 t| +5,
Rqfh wkh f|folfdo frpsrqhqw ri wkh gdwd kdv ehhq h{wudfwhg/ lw lv qhfhvvdu| wr fkrrvh
wkh odj rughu lq wkh DUv1 Vlqfh vhyhudo uhvhdufkhuv kdyh uhsruwhg wkdw DU+4, prghov duh
uhmhfwhg lq idyru ri kljkhu0rughu prghov/ zh ehjlq e| hvwlpdwlqj dq DU+5, dqg dq DU+6,
prgho ri wkh f|folfdo frpsrqhqw ri uhdo JGS1 Zh hvwlpdwh wkh frh!flhqwv xvlqj ROV1 Wkh
wzr hljhqydoxhv +b￿ dqg b2, edvhg rq wkh hvwlpdwhg DU+5, frh!flhqwv duh vkrzq lq Wdeoh 4/
dqg wkh wkuhh hljhqydoxhv edvhg rq wkh hvwlpdwhg DU+6, frh!flhqwv duh vkrzq lq Wdeoh 51
9Wdeoh 41 Hljhqydoxhv iru JGS DU+5, Prgho1
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Wdeoh 4= Hljhqydoxhv iru wkh DU+5, xqlyduldwh prgho iru JGS1
Wdeoh 51 Hljhqydoxhv iru JGS DU+6, Prgho1
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Wdeoh 5= Hljhqydoxhv iru wkh DU+6, xqlyduldwh prgho iru JGS1
Iru wkh DU+5, surfhvv/ zh qg wkdw erwk hljhqydoxhv duh uhdo dqg srvlwlyh iru wkh
wzr ghwhuplqlvwlf wuhqg vshflfdwlrqv +vshflfdwlrqv 4 dqg 5,/ exw erwk duh frpsoh{ iru wkh
KS0owhuhg gdwd1 Iru wkh DU+6, surfhvv/ zh qg wkdw doo hljhqydoxhv duh hlwkhu frpsoh{ ru
qhjdwlyh iru wkh txdgudwlf dqg KS0owhuhg wuhqgv/ zkloh rqh hljhqydoxh lv qhjdwlyh iru olqhdu
ghwuhqglqj1 Vlqfh wkh hljhqydoxhv duh ixqfwlrqv ri wkh hvwlpdwhg DU frh!flhqwv/ wkh| duh
vxemhfw wr vdpsolqj xqfhuwdlqw|1 Wr dvvhvv wklv xqfhuwdlqw|/ zh xvh d qrqsdudphwulf errwvwuds
whfkqltxh wr frqvwuxfw dq hpslulfdo glvwulexwlrq ri wkh hljhqydoxhv1 Wklv lqyroyhv wkh iroorzlqj
vwhsv1 Iluvw/ zh wdnh wkh uhvlgxdov iurp wkh wwhg htxdwlrqv dqg vkx"h wkhlu srvlwlrqv xvlqj
udqgrpo| jhqhudwhg qxpehuv iurp d xqlirup ghqvlw|1 Vhfrqg/ zh frqvwuxfw svhxgrgdwd/
i +|j
A
|’￿/ xvlqj wkh uhrughuhg lqqrydwlrqv dqg wkh ruljlqdoo| hvwlpdwhg DU sdudphwhuv1 Zh
wkhq uh0hvwlpdwh wkh DU sdudphwhuv iurp wkh svhxgrgdwd dqg xvh wkrvh qhz sdudphwhuv
wr fdofxodwh qhz hljhqydoxhv1 E| uhshdwlqj wklv uhvdpsolqj surfhgxuh pdq| wlphv/ zh fdq
frqvwuxfw d klvwrjudp ri wkh hpslulfdo hljhqydoxhv1
Edvhg rq 833 uhsolfdwlrqv/ zh irxqg wkdw wkh hljhqydoxhv zhuh dozd|v uhdo dqg srvlwlyh
:Wdeoh 61 Hljhqydoxhv iru \2F YDU Prgho1
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Wdeoh 6= Hljhqydoxhv iru wkh YDU zlwk JGS dqg frqvxpswlrq1
Wdeoh 71 Hljhqydoxhv iru \2L YDU Prgho1
Olqhdu Txdgudwlf Krgulfn0Suhvfrww
b￿ fb.. feD f.  nf 22e
b2 feb. fHb2 f.  f22e
b￿ fSH. ff f2b
be ffD f.. ffDe
Wdeoh 7= Hljhqydoxhv iru wkh YDU zlwk JGS dqg lqyhvwphqw1
iru wkh olqhdu dqg txdgudwlf wuhqg fdvhv iru wkh DU+5, vshflfdwlrq1 Iru wkh KS0owhuhg
gdwd/ krzhyhu/ hljhqydoxhv zhuh frpsoh{ lq <51;( ri wkh wuldov1 Iru wkh DU+6, vshflfdwlrq/
frpsoh{ ru qhjdwlyh hljhqydoxhv zhuh d frpprq ihdwxuh dfurvv doo wkuhh wuhqg vshflfdwlrqv1
Iru wkh olqhdu wuhqg/ <319( ri wkh wuldov kdg dw ohdvw rqh uhdo qhjdwlyh hljhqydoxh/ dqg 519(
kdg dw ohdvw rqh frpsoh{ frqmxjdwh sdlu ri hljhqydoxhv1 Iru wkh txdgudwlf wuhqg/ 433( ri wkh
wuldov kdg frpsoh{ hljhqydoxhv/ dqg iru wkh KS0owhuhg wuhqg/ 433( ri wkh wuldov kdg dw ohdvw
rqh uhdo qhjdwlyh hljhqydoxh dqg rqh frpsoh{ frqmxjdwh sdlu ri hljhqydoxhv1 Wr vxppdul}h/
zh irxqg wkdw iru xqlyduldwh uhsuhvhqwdwlrqv/ frpsoh{ hljhqydoxhv duh d urexvw ihdwxuh li KS
ghwuhqglqj lv xvhg dqg duh urexvw iru wkh rwkhu ghwuhqglqj phwkrgv iru DU+6, ru kljkhu0rughu
surfhvvhv16
6Zh dovr dqdo|}hg dq DU+7, dqg dq DU+8, surfhvv/ dqg wkh uhvxowv zhuh yhu| vlplodu wr wkrvh ri wkh DU+6,
lq whupv ri wkh fkdudfwhulvwlfv ri wkh hljhqydoxhv1
;E1 Hljhqydoxhv lq YDU uhsuhvhqwdwlrqv ri JGS
Zh qh{w dqdo|}h hljhqydoxhv lq YDUv xvlqj wzr0yduldeoh v|vwhpv zlwk rqh odj1 Zh
h{wudfw wkh f|folfdo frpsrqhqwv ri wkh yduldeohv xvlqj wkh vdph surfhgxuh dv lq wkh xqlyduldwh
dqdo|vlv1 Wkh yduldeohv lq wkh prgho duh JGS zlwk frqvxpswlrq/ lqyhvwphqw/ ru wkh wkuhh0
prqwk Wuhdvxu| eloo udwh1 Wkh hljhqydoxhv edvhg rq wkh YDU frh!flhqwv duh vkrzq lq Wdeohv
681 Wkh wzr0yduldeoh v|vwhpv duh ghqrwhg \2F iru wkh rxwsxw0frqvxpswlrq v|vwhp/ \2L iru
wkh rxwsxw0lqyhvwphqw v|vwhp/ dqg \2U iru wkh rxwsxwlqwhuhvw udwh v|vwhp1
Dv lq wkh xqlyduldwh dqdo|vlv/ zh xvhg wkh qrqsdudphwulf errwvwuds whfkqltxh wr dvvhvv
vdpsolqj xqfhuwdlqw| ri wkh hljhqydoxhv iurp wkh YDUv1 Zh irxqg wkdw frpsoh{ ru qhjdwlyh
hljhqydoxhv zhuh dovr d urexvw fkdudfwhulvwlf ri wkhvh orz0glphqvlrqdo YDUv1 Wdeoh 9 vxppd0
ul}hv wkhvh uhvxowv e| suhvhqwlqj wkh iudfwlrq ri gudzv lq zklfk wkhuh zhuh hlwkhu frpsoh{ ru
qhjdwlyh hljhqydoxhv lq wkh wkuhh v|vwhpv zh vwxglhg xvlqj wkh wkuhh ghwuhqglqj surfhgxuhv1
Zh shuiruphg 833 gudzv lq wkh errwvwuds dqdo|vlv1
Wdeoh 9 vkrzv wkdw frpsoh{ ru qhjdwlyh urrwv rffxuuhg iuhtxhqwo| lq wkh errwvwuds
dqdo|vlv1 Lq sduwlfxodu/ wkhuh zhuh frpsoh{ ru qhjdwlyh urrwv lq wkh rxwsxwlqwhuhvw udwh
YDU lq hdfk ri wkh 833 gudzv1 Wkh rqo| fdvh lq zklfk wklv glg qrw rffxu yluwxdoo| hyhu|
wlph zdv wkh olqhdu0txdgudwlf ghwuhqglqj fdvh lq wkh rxwsxw0lqyhvwphqw YDU/ lq zklfk :8
shufhqw ri wkh gudzv kdg hlwkhu frpsoh{ ru qhjdwlyh urrwv1 Wkh dqdo|vlv suhvhqwhg lq wklv
vhfwlrq wkxv vxjjhvwv wkdw frpprqo| xvhg uhgxfhg0irup prghov ri pdmru pdfurhfrqrplf
wlph vhulhv/ ghwuhqghg zlwk frqyhqwlrqdo surfhgxuhv/ surgxfh fkdudfwhulvwlf urrwv wkdw duh
iuhtxhqwo| frpsoh{ ru qhjdwlyh1
<Wdeoh 81 Hljhqydoxhv iru \2U YDU Prgho1
Olqhdu Txdgudwlf Krgulfn0Suhvfrww
b￿ feb fe22 f.eS n f2SD
b2 fb  Snf fe. fH . Hnf f.D f.eS  f2SD
b￿ fbS  ffe. fH.H  ff.D f2e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Wdeoh 8= Hljhqydoxhv iru wkh YDU zlwk JGS dqg dq lqwhuhvw udwh1
Wdeoh 91 Iuhtxhqf| ri Qhjdwlyh
ru Frpsoh{ Hljhqydoxhv lq YDUv1
Olqhdu Txdgudwlf Krgulfn0Suhvfrww
t* b.SI bHSI bbHI
t*U b2SI .D2I fffI
t*- fffI fffI fffI
Wdeoh 9= Iuhtxhqf| ri frpsoh{ ru qhjdwlyh hljhqydoxhv lq YDU hvwlpdwhv/ edvhg rq errwvwuds
hvwlpdwhv ri vdpsolqj xqfhuwdlqw|1
61 G|qdplf dgmxvwphqw lq olih f|foh hfrqrplhv
Zh h{soruh qh{w wkh fkdudfwhulvwlf urrwv ri ghwhuplqlvwlf ROJ hfrqrplhv zlwk qlwh
olih f|fohv ri u   shulrgv/ lghqwlfdo krxvhkrogv zlwklq hdfk jhqhudwlrq/ dqg wlph0lqyduldqw
fkdudfwhulvwlfv +srsxodwlrq/ suhihuhqfhv/ hqgrzphqw yhfwruv/ dqg whfkqrorj|,1 Li doo sdluv ri
gdwhg frqvxpswlrq jrrgv duh zhdn jurvv vxevwlwxwhv dw doo sulfh udwlrv/ wkhq/ dv Nhkrh hw do1
+4<<4, vkrz/ hyhu| hqgrzphqw hfrqrp| lq wklv fodvv dgplwv qr olplw f|fohv> hyhu| hqgrzphqw
hfrqrp| kdv lqvwhdg d xqltxh uhdo vwhdg| vwdwh zlwk xqydoxhg jryhuqphqw oldelolwlhv dqg d
xqltxh htxloleulxp vhtxhqfh frqyhujlqj wr wkdw vwdwh17 Pruh uhohydqw iru exvlqhvv f|foh dqdo0
|vlv lv wkdw orfdo xqltxhqhvv krogv xqghu yhu| zhdn dvvxpswlrqv1 Nhkrh hw do1 +4<<4, suryh
wkdw wkh htxloleulxp vhtxhqfh lv xqltxh qhdu wkh vwhdg| vwdwh li gdwhg frqvxpswlrq jrrgv
duh jurvv vxevwlwxwhv dw doo sulfh udwlrv forvh wr wkh vwhdg| vwdwh1 Lq hlwkhu fdvh/ xqltxhqhvv
phdqv wkdw wkh qxpehu ri vwdeoh hljhqydoxhv h{dfwo| htxdov wkh qxpehu ri lqlwldo frqglwlrqv
7Iru ghwdlov/ vhh Vhfwlrq 71
43ghvfulelqj wkh glvwulexwlrq ri zhdowk dprqj jhqhudwlrqv dw wkh ehjlqqlqj ri wlph1 Dqrwkhu
frqfoxvlrq zh fdq gudz iurp wkh frqyhujhqfh uhvxow lv wkdw olih f|foh hfrqrplhv hyhqwxdoo|
glvvlsdwh h{whuqdo lpsxovhv dqg fdqqrw ghyldwh iurp wkhlu vwhdg| vwdwh iru dq| surorqjhg sh0
ulrg ri wlph xqohvv wkh| duh shulrglfdoo| vkrfnhg iurp rxwvlgh1 Nhkrh hw do1 +4<<4,/ krzhyhu/
gr qrw vd| zkhwkhu frqyhujhqfh lv prqrwrqlf ru rvfloodwru|18
Wr vruw wklqjv rxw/ zh frpsxwh hljhqydoxhv iru d idluo| odujh fodvv ri krprwkhwlf olih
f|foh hfrqrplhv zlwk dqg zlwkrxw surgxfwlrq iru wzr olih f|foh ohqjwkv= u 'wr h{soruh
wkh hfrqrplf lqwxlwlrq ehklqg wkh wuhqg0uhyhuvdo skhqrphqrq dqg u 'D Dwr dssur{lpdwh
wkh |hdu0wr0|hdu g|qdplf dgmxvwphqw surfhvv ri d sodxvleo| fdoleudwhg hfrqrp|1 Lq hyhu|
hfrqrp| zh frqvlghu/ wkhuh lv rqh frqvxpswlrq jrrg/ dqg wkh wuhqg udwh ri jurzwk lv h{dfwo|








zkhuh S|E| n  lv wkh frqvxpswlrq ri wkh djhqw eruq lq shulrg | lq shulrg | n / wkh glvfrxqw
idfwru lv q:f/ dqg wkh fxuydwxuh sdudphwhu :fc9' c ghvfulehv wkh lqyhuvh hodvwlflw| ri
lqwhuwhpsrudo vxevwlwxwlrq1
Lq sxuh h{fkdqjh hfrqrplhv/ djhqwv uhfhlyh frqvxpswlrq jrrg hqgrzphqwv e￿  f lq
hdfk shulrg ri olih  ' ccu dqg vwruh ydoxh lq shuvrqdo ordqv1 Wkh qhw vxsso| ri wkhvh ordqv
lv }hur1 Zh qrupdol}h wkh frppxqlw| hqgrzphqw wr xqlw|/ vhwwlqj
Su
￿’￿ e￿ ' 1
Surgxfwlrq hfrqrplhv/ rq wkh rwkhu kdqg/ xvh fdslwdo dqg oderu wr surgxfh d vlqjoh
8Dxhuedfk dqg Nrwolnr +4<;:, dqg Kxdqj/  Lpurkrur jox/ dqg Vdujhqw +4<<:, vlpxodwh orqj0whup ehkdylru
ri surgxfwlrq hfrqrplhv zlwk d 880shulrg olih f|foh dqg qg frqyhujhqfh wr eh prqrwrqlf/ srvvleo| gxh wr wkh
fdslwdo vwrfn dgmxvwphqw frvwv lqfoxghg lq wkhlu hfrqrplhv1 Uhfxuvlyh htxloleuld/ vwxglhg e| Uðrv0Uxoo +4<<9,/
dovr h{klelw prqrwrqlf frqyhujhqfh1
44frqvxpswlrq jrrg xqghu frqvwdqw uhwxuqv wr vfdoh1 Wkh vxsso| ri h!flhqf| oderu xqlwv lv
lqhodvwlf/ ghqrwhg e| /￿  f iru  ' ccu/ dqg qrupdol}hg djdlq wr vxp wr rqh1 Wkh vwruhv
ri ydoxh lq wklv hfrqrp| duh ordqv +lq }hur qhw vxsso|, dqg fdslwdo +lq srvlwlyh qhw vxsso|,1






zkhuh +E| lv rxwsxw lq shulrg |c &E| lv fdslwdo +dovr wkh fdslwdohhfwlyh oderu udwlr, lq
shulrg |c wkh vfdoh sdudphwhu w:/ fdslwdo vkduh k 5 Efc/d q g4: jryhuqv fdslwdo0
oderu vxevwlwxwdelolw|1 Li 4 'f c wkh whfkqrorj| lv Free0Grxjodv1 Fdslwdo ghsuhfldwhv dw wkh
qhw udwh B 5 dfco1
Li zh ghqrwh wrwdo krxvhkrog dvvhwv khog lq shulrg | e| E|c wkhq wkh htxloleulxp
frqglwlrq fruuhvsrqglqj wr xqydoxhg ru qrqfrqvwdqw jryhuqphqw oldelolwlhv lv
E|'f +8,
iru hqgrzphqw hfrqrplhv dqg lv
E|  &E| n 'f +9,
iru hfrqrplhv zlwk surgxfwlrq1
Hdfk hfrqrp| frqwdlqv u dvvhw wudglqj jhqhudwlrqv iurp wkh |rxqjhvw dw djh  'fwr
wkh roghvw dw djh  ' u1 Wudglqj sodqv lq shulrg | duh frqglwlrqdo rq wkh 2u glphqvlrqdo
sulfh yhfwru R| 'E R|3un￿ccR|ccR|nu3￿ Zdoudv* odz dqg wkh }hur0ghjuhh krprjhqhlw| ri
45h{fhvv ghpdqgv phdq wkdw wudglqj sodqv ghshqg rq mxvw 2u   sulfh udwlrv1 Khqfh/ wkh
htxloleulxp frqglwlrqv +8, dqg +9, duh qrqolqhdu glhuhqfh htxdwlrqv ri rughu 2u  e dqg
2u  c uhvshfwlyho|1 Wkhvh frqglwlrqv duh vxssohphqwhg e| u  2 lqlwldo frqglwlrqv lq wkh
hqgrzphqw hfrqrp| dqg u lqlwldo frqglwlrqv lq wkh surgxfwlrq hfrqrp|/ zklfk ghvfuleh
wkh suh0h{lvwlqj dvvhw dqg oldelolw| srvlwlrqv ri krxvhkrogv lq wkh lqlwldo shulrg | 'f 1
D1 Orjdulwkplf hqgrzphqw hfrqrplhv zlwk wkuhh0shulrg olyhv
Htxloleulxp lq wkhvh hfrqrplhv lv dq| vroxwlrq wr wkh vhfrqg0rughu glhuhqfh htxdwlrq
k|E|nk|3￿E|'f c +:,
iru | ' c2cczklfk vdwlvhv wkh lqlwldo frqglwlrq
kfEf n k3￿Ef ' f +;,
Lq wkhvh htxdwlrqv/ k|E| n  ghqrwhv fodlpv rq rwkhu krxvhkrogv khog e| d krxvhkrog ri
jhqhudwlrq | dw wkh hqg ri shulrg | n / iru  'f cc2c Htxdwlrq +;, lv dq lqlwldo frqglwlrq
wkdw vshflhv zkdw wkh wzr wudqvlwlrqdo jhqhudwlrqv rzh hdfk rwkhu> lw lv wkh htxlydohqw ri
{lqj wkh lqwhuhvw udwh dw | 'f 
Dv d vwduwlqj h{dpsoh/ zh xvh wkh orjdulwkplf xwlolw| ixqfwlrq | '* ?S|E|nq *?S|E|n
nq
2 *?S|E|n2iru hdfk jhqhudwlrq | ' c2cc dqg wkh hqgrzphqw yhfwru Eefce ￿ce 2 5 U￿
n
vxfk wkdw ef n e￿ n e2 '  Zh vwduw zlwk wkh dvvhw dffxpxodwlrq lghqwlwlhv=
k|E|'ef  S|E| +<,
46k|E| n  ' -|k|E|ne￿  S|E| n  +43,
zkhuh -| ' R|*R|n￿ lv wkh uhdo lqwhuhvw idfwru rq ordqv pdgh dw | dqg uhsdlg dw | n  Wkh
frqvxphu*v uvw0rughu frqglwlrqv |lhog







Vxevwlwxwlrq ri +<, dqg +43, lqwr +:, dqg +;, |lhogv wkh vhfrqg0rughu htxdwlrq





zkhuh  ' ￿
￿nqnq2c dqg
s E%c-'iE  ef nd  E n qoe￿ n ef d  E n qo%j +48,
-   de￿ nE nqe2o
Dv zh ghwdlo lq wkh Dsshqgl{/ htxdwlrq +48, wxuqv rxw wr kdyh d xqltxh vwhdg| vwdwh
7 -/ mxvw dv suhglfwhg e| Nhkrh hw do1 +4<<4,1 Lw dovr kdv d fkdudfwhulvwlf sro|qrpldo
ZEb'b










-￿ef d  E n qo
e2
+4;,
 'E   ef nd  E n qoe￿ +4<,
dqg wzr qhjdwlyh hljhqydoxhv vxfk wkdw
b2 	  	b ￿ 	 f +53,
Frpelqlqj wkh lqlwldo frqglwlrq +;, zlwk wkh vlqjoh vwdeoh hljhqydoxh +53,/ zh frqfoxgh
wkdw uhdo htxloleulxp lv xqltxh lq wklv hfrqrp|1 Zkhqhyhu wkh lqlwldo glvwulexwlrq ri fodlpv
ikf Efck 3￿ Efj kdsshqv wr ghyldwh voljkwo| iurp lwv vwhdg|0vwdwh frqjxudwlrq iru zkdwhyhu
uhdvrq +iru h{dpsoh/ xqh{shfwhg srolf| lqwhuyhqwlrq,/ wkh lqwhuhvw udwh zloo dovr glhu iurp
lwv vwdwlrqdu| ydoxh 7 - G|qdplf dgmxvwphqw wr 7 - fdq eh orfdoo| dssur{lpdwhg e| wkh olqhdu
htxdwlrq
-|  7 - ' b￿

-|3￿  7 -

+54,
lq zklfk  	b ￿ 	 f Wkh dgmxvwphqw sdwk vkrzq lq Iljxuh 5 vkrzv wkh rvfloodwru| sdwwhuq
frqvlvwhqw zlwk uhgxfhg0irup YDUv1
E1 Pruh0jhqhudo hqgrzphqw hfrqrplhv zlwk O @6
Lq wklv vhfwlrq/ zh h{soruh krz urexvw d qhjdwlyh vwdeoh hljhqydoxh lv dprqj h{fkdqjh















Iljxuh 5= Wkh txdolwdwlyh lpsxovh0uhvsrqvh iru d orjdulwkplf suhihuhqfhv olih f|foh hqgrzphqw
hfrqrp| zlwk u ' 
ri odujh qxpehuv ri hfrqrplhv gudzq iurp fhuwdlq fodvvhv dqg uhsruw wkh uhvxowv1 Iurp wklv/
zh jdlq lqwxlwlrq derxw wkh qdwxuh ri hljhqydoxh frqvwhoodwlrqv lq odujhu/ pruh lqwhuhvwlqj
prghov1
Frqvwdqw Uhodwlyh Ulvn Dyhuvlrq +FUUD, xwlolw|
zlwk jurvv vxevwlwxwhv pdlqwdlqhg
Wkh orjdulwkplf suhihuhqfhv hfrqrp| glvfxvvhg deryh srvvhvvhv d vlqjoh vwdeoh hljhq0
ydoxh zklfk lv dozd|v uhdo dqg qhjdwlyh1 Rxu uvw h{whqvlrq lv wr vwxg| d fodvv ri vlplodu
hfrqrplhv lq zklfk suhihuhqfhv duh lq wkh FUUD fodvv/ exw lq zklfk wkh fxuydwxuh sdudphwhu
lv uhvwulfwhg wr olh ehwzhhq f dqg  E| olplwlqj wkhvh hfrqrplhv wr lqwhuwhpsrudo vxevwlwxwlrq
hodvwlflwlhv juhdwhu wkdq xqlw|/ zh suhvhuyh wkh jurvv vxevwlwxwhv surshuw|1 Zh frqmhfwxuh wkdw
wkh qhjdwlyh vwdeoh hljhqydoxh lv dozd|v d ihdwxuh ri jurvv vxevwlwxwhv hqgrzphqw hfrqrplhv
lq wklv fodvv zlwk u '  Suhihuhqfhv duh jlyhq e| +6, zlwk u '  Dq hfrqrp| lq wkh vhw .￿
lv d wxsoh Eqcce￿ce 2ce ￿ 5 .￿c zlwk q 5 Efcc5 Efcce ￿ n e2 n e￿ ' /d q ge￿ : f Dq
49Wdeoh :1 Hljhqydoxhv ri hfrqrplhv lq .￿
Plqlpxp Pd{lpxp Phgldq
b￿ DD bH SD.
b2 fHe2 ffSH f2b
7 - ff SSf 2f.
Wdeoh := Vxppdu| vwdwlvwlfv iru hljhqydoxhv dqg wkh lqwhuhvw udwh ri 4/333 udqgrpo| vhohfwhg
hfrqrplhv lq H￿1 Wklv fodvv ri hfrqrplhv lv odujh lq wkh vhqvh wkdw glvfrxqw idfwruv qhdu }hur
dqg hqgrzphqwv qhdu }hur dqg lq duelwudu| vhtxhqfh duh doorzhg1
hfrqrp| lv udqgrpo| vhohfwhg iurp .￿ dv iroorzv1 Wkh suhihuhqfh sdudphwhuv q dqg  duh
udqgrpo| vhohfwhg iurp xqlirup glvwulexwlrqv rq wkh xqlw lqwhuydo1 Iru wkh hqgrzphqwv/ zh
vhohfw wkuhh udqgrp qxpehuv iurp xqlirup glvwulexwlrqv rq wkh xqlw lqwhuydo/ vd|/ o￿co 2co ￿1
Zh wkhq fuhdwh dq hqgrzphqw sdwwhuq e| vhwwlqj e￿ '
o￿
o￿no2no￿1 Wklv surfhgxuh hqfrpsdvvhv
d zlgh fodvv ri srvvleoh hqgrzphqw sdwwhuqv1 Zlwk dq hfrqrp| lq kdqg/ zh fdofxodwh wkh
vwhdg| vwdwh dqg wkhq qg wkh dvvrfldwhg hljhqydoxhv1 Zh uhshdw wklv surfhvv wr fuhdwh d
vdpsoh ri 4/333 hfrqrplhv lq .￿1
Wkh uhvxowv vkrzq lq Wdeoh : vwuhqjwkhq rxu frqmhfwxuh derxw wkh uhodwlrqvkls ehwzhhq
wkh qhjdwlyh vwdeoh hljhqydoxh dqg wkh jurvv vxevwlwxwhv surshuw|1 Lq sduwlfxodu/ wkh hljhqydo0
xhv iru wkh 4/333 hfrqrplhv lq .￿ duh dozd|v uhdo dqg qhjdwlyh1 Rqh ri wkhvh hljhqydoxhv lv
dozd|v rxwvlgh wkh xqlw flufoh/ zkloh wkh rwkhu lv lqvlgh1 Wkxv/ dgmxvwphqw wr wkh vwhdg| vwdwh
iroorzlqj d whpsrudu| glvwxuedqfh lv dozd|v gdpshg dqg rvfloodwru| iru wkhvh hfrqrplhv1 Zh
dovr uhsruw wkh vwhdg|0vwdwh lqwhuhvw udwh iru wkhvh hfrqrplhv/ zklfk fdq eh hlwkhu ohvv wkdq
ru juhdwhu wkdq xqlw|/ lqglfdwlqj iru wkh iruphu fdvhv wkdw wkhvh hfrqrplhv fdq vrphwlphv
eh lqh!flhqw1 Krzhyhu/ wklv idfw grhv qrw dhfw wkh txdolwdwlyh orfdo g|qdplfv durxqg wkh
vwhdg| vwdwh1
4:Dgglwlrqdo fxuydwxuh
Li zh doorz vljqlfdqw fxuydwxuh lq suhihuhqfhv/ wkh jurvv vxevwlwxwhv surshuw| grhv qrw
qhfhvvdulo| krog dqg wkh xqltxhqhvv ri vwhdg| vwdwh htxloleulxp fdq eh orvw1 Krzhyhu/ zh zdqw
wr h{soruh krz rxu uhvxowv iurp wkh suhfhglqj vxevhfwlrq fkdqjh li : Wr uhgxfh foxwwhu dqg
uhsruw wkh prvw lqwhuhvwlqj ihdwxuhv/ zh dovr uhvwulfw wkh uhpdlqlqj sdudphwhuv1 Dffruglqjo|/
dq hfrqrp| lq .2 l vdw x s o hEqcce￿ce 2ce ￿ 5 .2 lq zklfk wkh iroorzlqj uhvwulfwlrqv dsso|1
Zh fkrrvh iurp d xqlirup glvwulexwlrq  5 Efc/ zklfk lpsolhv lqwhuwhpsrudo hodvwlflwlhv
ri vxevwlwxwlrq dv vpdoo dv ￿
￿ Wkh glvfrxqw idfwru lv fkrvhq iurp d xqlirup glvwulexwlrq rq
EfDc2c fruuhvsrqglqj wr udwhv ri wlph suhihuhqfh wkdw pljkw eh ylhzhg dv uhdolvwlf jlyhq wkh
ohqjwk ri wkh wlph shulrg1 Wkh hqgrzphqw vhtxhqfh lv uhvwulfwhg wr eh kxps0vkdshg zlwk e￿ '
e￿ dqg wkh plggoh hqgrzphqw fkrvhq iurp d xqlirup glvwulexwlrq zlwk e2 5 Ee￿ce￿ Wklv
sdwwhuq fruuhvsrqgv urxjko| wr gdwd vrphwlphv xvhg wr fdoleudwh odujhu prghov/ lq zklfk wkh
shdn hqgrzphqw lv derxw . wlphv wkh uvw hqgrzphqw dqg wkh qdo hqgrzphqwv duh ri derxw
pdjqlwxgh htxdo wr wkh lqlwldo hqgrzphqwv1 Zh pdlqwdlq wkh uhvwulfwlrq wkdw e￿ne2ne￿ ' 
Zh udqgrpo| vhohfw 4/333 hfrqrplhv iurp .2 dqg fdofxodwh wkh vwhdg| vwdwh dv zhoo dv wkh
dvvrfldwhg hljhqydoxhv1
Wkh uhvxowv duh vkrzq lq Iljxuh 61 Wkhvh hfrqrplhv wxuq rxw wr dozd|v kdyh d xqltxh
vwhdg| vwdwh/ dqg wkh| frqwlqxh wr srvvhvv d vlqjoh vwdeoh hljhqydoxh1 Wklv vwdeoh hljhqydoxh/
krzhyhu/ fdq qrz vrphwlphv eh srvlwlyh1 Lq Iljxuh 6/ zh sorw wkh ydoxh ri wkh vwdeoh hljhq0
ydoxh iru hdfk ri rxu 4/333 vdpsoh hfrqrplhv djdlqvw irxu fkdudfwhulvwlfv ri wkh hfrqrp|1 Lq
Sdqho D/ wkh ydoxh ri wkh vwdeoh hljhqydoxh lv sorwwhg djdlqvw e2c zklfk fdq eh lqwhusuhwhg
dv wkh shdnhgqhvv ri wkh hqgrzphqw sdwwhuq1 Lw lv fohdu wkdw  dwwhu hqgrzphqw vhtxhqfhv



































Panel C Panel D
Figure 3.  How the negative stable eigenvalue relates to properties of
endowment economies.
Iljxuh 6= W k hv w d e o hh l j h q y d o x hi r uw k h4 / 3 3 3h f r q r p l h vl q.2 lv w|slfdoo| qhjdwlyh1 Wkh irxu sdqhov
uhodwh wkh vwdeoh hljhqydoxh wr fkdudfwhulvwlfv ri wkhvh hfrqrplhv1
wkdw glvfrxqw idfwruv ohvv wkdq xqlw| dqg fxuydwxuh sdudphwhuv ohvv wkdq wzr whqg wr suhvhuyh
wkh qhjdwlyh vljq rq wkh vwdeoh hljhqydoxh/ uhjdugohvv ri rwkhu sdudphwhuv1 Sdqho F uhodwhv
wkh ydoxh ri wkh vwdeoh hljhqydoxh wr wkh vwhdg|0vwdwh jurvv lqwhuhvw udwh1 Khuh/ zh vhh wkdw
wkh lqh!flhqw hfrqrplhv/ wkrvh zlwk jurvv lqwhuhvw udwhv ohvv wkdq xqlw|/ fdq eh fkdudfwhul}hg
e| d srvlwlyh vwdeoh hljhqydoxh1 Wkhvh uhvxowv vxjjhvw wkdw rvfloodwru| dgmxvwphqw wr wudqvl0
wru| vkrfnv fdq fkdudfwhul}h h!flhqw hfrqrplhv zlwk hpslulfdoo| sodxvleoh ihdwxuhv= srvlwlyh
udwhv ri wlph suhihuhqfh/ uhodwlyho|  dw hqgrzphqw surohv/ dqg uhodwlyho| kljk hodvwlflwlhv ri
lqwhuwhpsrudo vxevwlwxwlrq +deryh ￿
2,1
4<F1 Surgxfwlrq hfrqrplhv zlwk wkuhh0shulrg olih f|fohv
Lq hfrqrplhv zlwk wkuhh0shulrg olih f|fohv dqg surgxfwlrq/ wkh glphqvlrq ri wkh dvvr0
fldwhg g|qdplf v|vwhp lqfuhdvhv e| rqh1 Lqlwldo frqglwlrqv duh qrz wkh kroglqjv ri fdslwdo
rzqhg e| wkh djhqwv zkr kdyh ehhq dolyh iru rqh dqg wzr shulrgv1 Iru ghwhuplqdf| wr krog/
zh h{shfw wzr vwdeoh hljhqydoxhv lq wkhvh v|vwhpv1 Zh xvh wkh vdph FUUD xwlolw| ixqf0
wlrq dqg wkh FHV surgxfwlrq ixqfwlrq jlyhq e| htxdwlrq +7,1 Oderu vxsso| lv lqhodvwlf dqg
qrupdol}hg wr xqlw|1 Dq hfrqrp| lq wkh vhw .￿ lv d wxsoh Eqcce￿ce 2ce ￿ckc4cBc zkhuh k
lv fdslwdo vkduh/ 4 lv wkh lqyhuvh ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq fdslwdo dqg oderu/
dqg B lv wkh qhw udwh ri ghsuhfldwlrq iru sk|vlfdo fdslwdo1 Iru wkh suhihuhqfh sdudphwhuv/ zh
fkrrvh iurp xqlirup glvwulexwlrqv q 5 EfDc2 dqg  5 EfDc Zh xvh wkh kxps0vkdshg
hqgrzphqw sdwwhuq ghvfulehg lq wkh suhfhglqj vhfwlrq1 Iru wkh surgxfwlrq sdudphwhuv/ zh
fkrrvh/ djdlq/ iurp xqlirup glvwulexwlrqv/ k 5 Ef2Dcfec45 EfDcfDc dqg B 5 EfHc1
Zh vhw wkh vfdoh sdudphwhu w wr 43/ zklfk lv vx!flhqw wr jxdudqwhh h{lvwhqfh1 Zh fdofxodwh
wkh vwhdg| vwdwh dqg wkh dvvrfldwhg hljhqydoxhv1
Wkh 4/333 hfrqrplhv lq .￿ dozd|v srvvhvv d xqltxh/ ghwhuplqdwh vwhdg| vwdwh1 Lq hdfk
fdvh/ zh qg wkdw rqh vwdeoh hljhqydoxh lv uhdo dqg srvlwlyh dqg wkh rwkhu lv uhdo dqg qhjdwlyh1
Wkh prgxoxv ri wkh wzr hljhqydoxhv lv ri vlplodu pdjqlwxgh lq prvw fdvhv/ exw wkh srvlwlyh
hljhqydoxh lv odujhu lq devroxwh ydoxh lq derxw ;8( ri wkh hfrqrplhv1 Iljxuh 7 vkrzv rxu
qglqjv dqg uhodwhv wkh fkdudfwhulvwlfv ri wkh hfrqrplhv wr wkh pdjqlwxgh ri wkh wzr vwdeoh
hljhqydoxhv1 Wkh uhvxowv khuh duh pxfk ohvv dpeljxrxv wkdq wkrvh iru wkh hfrqrplhv lq .2
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Figure 4.  How the stable eigenvalues of 3-period production economies
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Iljxuh 7= Wkh wzr vwdeoh hljhqydoxhv ri wkuhh0shulrg surgxfwlrq hfrqrplhv/ uhodwhg wr fkdudfwhulvwlfv
ri wkhvh hfrqrplhv1
54G1 Surgxfwlrq hfrqrplhv zlwk 880shulrg olih f|fohv
Zh xowlpdwho| zdqw wr xqghuvwdqg wkh orfdo g|qdplfv ri olih f|foh hfrqrplhv zlwk
pdq| shulrgv/ lq zklfk djhqwv duh doorzhg wr pdnh ghflvlrqv dqg wkxv uhdfw wr vkrfnv dw
pdq| srlqwv lq wkhlu olyhv1 Dffruglqjo|/ zh vwxg| hfrqrplhv zlwk u 'D D c dqqxdo prghov1
Khuh zh fdoleudwh wkh hfrqrplhv pxfk pruh vkduso| lq rughu wr uhgxfh wkh qxpehu ri fdvhv
zh qhhg wr fdofxodwh1 Rxu fdoleudwlrq surfhhgv dv iroorzv1 Zh xvh d surgxfwlylw| suroh
edvhg rq Kdqvhq +4<<6,19 Zh vhw wkh iroorzlqj sdudphwhuv dw dqqxdol}hg ydoxhv= q 'f bHc
B 'f fSD Zh vhw fdslwdo vkduh k 'f  Wkdw ohdyhv wzr sdudphwhuv/ fxuydwxuh lq suhihuhqfhv
dqg fdslwdo0oderu vxevwlwxwdelolw|/ zklfk fdq eh ylhzhg dv wkh prvw lqwhuhvwlqj sdudphwhuv
iru g|qdplf dgmxvwphqw1 Zh h{soruh qlqh fdvhv edvhg rq wkh iroorzlqj E4c sdluv=  '
EfDcc'E fDc2c'E fDcDc('E f cc.'E f c2c8'E f cDcC'E f Dcc
M 'E f Dc2c dqg U 'E f DcD Dffruglqjo|/ fdvh ( lv forvh wr d orj0orj vshflfdwlrq/ lq
zklfk suhihuhqfhv duh orjdulwkplf dqg surgxfwlrq lv Free0Grxjodv1: Iru hdfk fdvh cc Uc
zh fdofxodwh wkh vwhdg| vwdwh ri wkh v|vwhp1 Lq sulqflsoh/ xqltxhqhvv ri wkh vwhdg| vwdwh lv
qrw jxdudqwhhg/ exw pxowlsoh vwhdg| vwdwhv gr qrw rffxu iru wkhvh sdudphwhu frqjxudwlrqv1
Wkhuh lv dovr wkh txhvwlrq ri zkhwkhu wkh fdofxodwhg vwhdg| vwdwhv duh h!flhqw ru lqh!flhqw1
Wkh jurvv jurzwk udwh lq wkhvh hfrqrplhv lv rqh/ vr dq| jurvv lqwhuhvw udwh juhdwhu wkdq rqh
lqglfdwhv wkdw wkh htxloleulxp lv h!flhqw1 Vwhdg|0vwdwh lqwhuhvw udwhv duh dozd|v juhdwhu wkdq
9Wkh Kdqvhq gdwd duh froohfwhg iurp vdpsohv wdnhq lq 4<:< dqg 4<;:1 Wkh gdwd vhsdudwh pdohv iurp
ihpdohv1 Zh dyhudjh wkh gdwd iurp wkh wzr |hduv/ dqg zh dovr dyhudjh wkh gdwd dfurvv pdohv dqg ihpdohv
xvlqj zhljkwv ri 3=9 dqg 3=71 Wkh uhvxowlqj suroh lv d vwhs ixqfwlrq/ ehfdxvh wkh gdwd duh froohfwhg iru
djh jurxslqjv1 Zh w d iwk0rughu sro|qrpldo wr wklv vwhs ixqfwlrq1 Wklv |lhogv wkh vprrwk suroh hl￿53
@ p3 . p4l . p5l5 . p6l6 .p7l7 . p8l8 iru l @5 4 >===>:9/ zlwk wkh yhfwru ri frh!flhqwv p @^ 7=67>
3=946> 3=35:7> 3=3396> 3=:4:  43￿8> 3=647  43￿:`1 Wklv suroh shdnv dw djhqw djh 5; +jxudwlyh djh 7;,/
zkhq surgxfwlylw| lv derxw 4=9 wlphv lwv ohyho dw djhqw djh 4 +jxudwlyh djh 54,1 Surgxfwlylw| lq wkh qdo
|hdu ri olih lv yluwxdoo| wkh vdph dv lq wkh uvw |hdu ri olih1
:Wr dyrlg vshfldo surjudpplqj frgh/ zh glg qrw doorz wkh fdvh lq zklfk  lv h{dfwo| htxdo wr xqlw|1 Wklv
pdnhv olwwoh glhuhqfh iru wkh uhvxowv1























Beta=.98, Alpha=.33, Scale=1 , Delta=.065, Rbar=1 .04
Gamma=1 .1 , Rho=0
Iljxuh 8= Wkh hljhqydoxhv iru Fdvh (1 Wkh hljhqydoxhv lq wkh lqqhu orrs duh doo lqvlgh wkh xqlw
flufoh1 Vlqfh wkhuh duh De ri wkhp/ wkh hfrqrp| lv ghwhuplqdwh1 Wkh fdvhv ccU doo surgxfhg
txdolwdwlyho| vlplodu gldjudpv1
rqh iru hdfk ri wkh qlqh fdvhv c 111cU cvr zh duh orrnlqj dw rqo| h!flhqw hfrqrplhv1
Zh vwxg| wkh orfdo g|qdplfv ri wkhvh hfrqrplhv1 Lq Iljxuh 8/ zh sorw wkh dvvrfldwhg
hljhqydoxhv lq wkh frpsoh{ sodqh iru fdvh (1 Hdfk vtxduh sorwwhg uhsuhvhqwv dq hljhqydoxh
dvvrfldwhg zlwk wkh xqltxh vwhdg| vwdwh1 Wkh hljhqydoxhv rq wkh lqqhu orrs duh doo ohvv wkdq
xqlw| lq prgxoxv/ dqg vlqfh wkhuh duh h{dfwo| De ri wkhp/ wkh htxloleulxp lv ghwhuplqdwh1
Shukdsv pruh lpsruwdqwo| iru rxu sxusrvhv/ qhduo| doo wkh urrwv duh frpsoh{ dqg ri derxw
htxdo prgxoxv1; Wkxv/ zh h{shfw wkh orfdo g|qdplfv ri wkhvh v|vwhpv wr eh fkdudfwhul}hg
e|  xfwxdwlqj prwlrq1 Wkh txdolwdwlyh ihdwxuhv ri wklv jxuh duh wkh vdph iru wkh rwkhu qlqh
;Odlwqhu +4<<3, fdofxodwhv hljhqydoxhv iru d vpdoo vdpsoh ri dowhuqdwlyho| sdudphwhul}hg odujh olih f|foh
hfrqrplhv dqg qgv frpsoh{ hljhqydoxhv1 Lq wkrvh hfrqrplhv/ wd{hv sod| dq lpsruwdqw uroh1
56Wdeoh ;1 Frpsdulvrq ri fdvhv ccU
Hfrqrp| Plqlpxp 5?_ Vpdoohvw Odujhvw Vwdeoh
E4c Prgxoxv Prgxoxv Prgxoxv
 'E Dc fD fHDS fbee
 'E Dc2 ffeb fHH fbDS
 'E DcD fff fH fbb
( 'E f c fS fH. fbf
. 'E f c2 ffe fHDD fbb
8 'E f cD ff. f... fbH
C 'E Dc fSe f.Db fb2
M 'E Dc2 f22 f.b. fb.
U 'E DcD ff f.ee fb.
Wdeoh ;= V x p p d u |r ih l j h q y d o x h vi r uf d v h vD> 111>L =
fdvhvzh dozd|v qg wzr jurxsv ri hljhqydoxhv/ rqh jurxs o|lqj urxjko| hyhqo| vsdfhg rq dq
hoolsvh rxwvlgh wkh xqlw flufoh dqg wkh rwkhu o|lqj urxjko| hyhqo| vsdfhg rq dq hoolsvh lqvlgh
wkh xqlw flufoh1 Wkh lghd wkdw wkh hljhqydoxhv duh urxjko| hyhqo| vsdfhg fdq eh grfxphqwhg
li zh wudqvodwh wr srodu frruglqdwhv dqg phdvxuh wkh glvwdqfh ehwzhhq hljhqydoxhv lq ghjuhhv1
Lq wklv phwulf/ wkh vwdeoh hljhqydoxhv duh doo derxw 693287 ghjuhhv dsduw/ wkh rqo| vxevwdqwldo
h{fhswlrqv rffxuulqj qhdu wkh srlqw Ecf lq wkh gldjudp/ zkhuh wkh urrwv duh voljkwo| iduwkhu
dsduw1 Ri wkh wzr vwdeoh uhdo urrwv rqh kdv prgxoxv frpsdudeoh wr wkh frpsoh{ urrwv dqg
wkh rwkhu lv uhodwlyho| vpdoo dqg qhjdwlyh1 Zh vxppdul}h wkh uhvxowv iru wkh qlqh fdvhv lq
Wdeoh ;1
71 Wuhqg uhyhuvlrq dqg jurvv vxevwlwxwhv
Vlpxodwlrqv iurp Vhfwlrq 6 vxjjhvw wkdw jurvv vxevwlwxwhv whqg wr uxoh rxw prqrwrqlf
frqyhujhqfhvshflfdoo|/ li doo sdluv ri gdwhg frqvxpswlrq jrrgv duh zhdn jurvv vxevwlwxwhv
lq wkh qhljkerukrrg ri wkh vwhdg|0vwdwh sulfh yhfwru/ wkhq htxloleuld qhdu wkh vwhdg|0vwdwh
h{klelw gdpshg rvfloodwlrqv iru doo h{fkdqjh hfrqrplhv zlwk d olih f|foh u   dqg iru vrph
57surgxfwlrq hfrqrplhv dv zhoo1
Xqghu jurvv vxevwlwxwhv/ djjuhjdwh dvvhw ghpdqgzklfk pxvw ydqlvk lq dq h{fkdqjh
htxloleulxplv dq lqfuhdvlqj ixqfwlrq ri doo uhohydqw lqwhuhvw udwhv1 Wklv whfkqlfdo uhvxow
phdqv urxjko| wkdw doo u   qrqwudqvlwlrqdo krxvhkrogv zloo nhhs exloglqj wkhlu dvvhwv dv
orqj dv lqwhuhvw udwhv uhpdlq deryh wkh vwhdg| vwdwh/ dqg wkh uhvxowlqj dvvhw jdlq pxvw eh
h{dfwo| rvhw e| wkh uhgxfwlrq lq dvvhw kroglqjv ri wkh orqh wudqvlwlrqdo jhqhudwlrqwkh roghvw
rqh dolyh1 Iru d odujh ydoxh ri uwkdw lv/ d vkruw wudglqj shulrgprqrwrqlf ghfd| wrzdug
wkh vwhdg| vwdwh zrxog vhhp wr uhtxluh dq hqruprxv vwrfn ri dvvhwv lq wkh kdqgv ri wkh roghvw
olylqj frkruw1
Lqwxlwlrq vxssruwlqj wkh frqmhfwxuh ri gdpshg rvfloodwlrqv lv hdvlhu wr frqmxuh xs lq
dq h{fkdqjh hfrqrp| zlwk wkh w|slfdo shdnhg hqgrzphqw sdwwhuq1 Frqvxpswlrq vprrwklqj
lq wklv hqylurqphqw surgxfhv d vwhdg| vwdwh lq zklfk wkh |rxqj eruurz iurp wkh plggoh
djhg/ uhsd| ordqv dqg exlog xs dvvhwv lq plggoh djh/ dqg gudz grzq wkhvh dvvhwv lq rog
djh1 Li wkh lqwhuhvw udwh dw | lv deryh lwv vwhdg| vwdwh ydoxh 7 -/ wkhq |rxqj djhqwv srvwsrqh
frqvxpswlrq dqg uhgxfh wkhlu oldelolwlhv1 Plggoh0djhg djhqwv/ dffruglqj wr htxdwlrq +:,/ pxvw
fruuhvsrqglqjo| uhgxfh wkhlu dvvhw kroglqjv hyhq dv wkh| duh vkliwlqj frqvxpswlrq dzd| iurp
wkh fxuuhqw shulrg |1 Wklv lv d frqvlvwhqw frxuvh ri dfwlrq iru wkhp rqo| li wkh plggoh djhg
uhgxfh fxuuhqw frqvxpswlrq wr uhsd| xqxvxdoo| kljk ghewv fduulhg iurp wkh suhylrxv shulrg
|1 Xqxvxdoo| kljk frqvxpswlrq lq |rxwk lv udwlrqdo rqo| li wkh lqwhuhvw udwh zdv xqxvxdoo|
orz dw |  1 Khqfh/ -| : 7 - lpsolhv wkdw -|3￿ 	 7 -1
58D1 Frqyhujhqfh lq h{fkdqjh hfrqrplhv
Irupdo uhvxowv frph iurp vwxg|lqj d grxeoh0hqghg ghwhuplqlvwlf h{fkdqjh hfrqrp|
zlwk qlwh olih f|fohv ri ohqjwk u ' A n / frqvwdqw srsxodwlrq/ dqg rqh djhqw lq hdfk
frkruw1 Rxu hfrqrp| lv yhu| vlplodu wr wkh rqh lq Nhkrh hw do1 +4<<4,1 Zh ghqrwh wlph
shulrgv e| | 'f c	c	2cc dqg frkruwv e| D Hdfk frkruw kdv d vwdwlrqdu|/ qrqqhjdwlyh hq0
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 iru dq| frkruw
D dqg dq| wlph shulrg | ' DccD nA1 Vlqfh sulfh udwlrv duh surgxfwv ri lqwhuhvw idfwruv/ zh
fdq uhzulwh uhdo dvvhw ghpdqgv dv ixqfwlrqv ri wkhvh lqwhuhvw idfwruv> wkdw lv/
kDE|'5
￿ E-Dcc-DnA3￿(|  D +59,
Jurvv vxevwlwxwdelolw| lpsolhv wkdw hdfk dvvhw ghpdqg vfkhgxoh lv prqrwrqlf lq wkh yhfwru ri
lqwhuhvw idfwruv1 Zh suryh lq wkh Dsshqgl{ wkh iroorzlqj uhvxow=
Ohppd 41 +Prqrwrqlflw|1, Li doo sdluv ri gdwhg frqvxpswlrq jrrgv duh zhdn jurvv vxevwlwxwhv
iru frkruw Dc wkhq kDE| lv dq lqfuhdvlqj ixqfwlrq ri wkh yhfwru E-Dcc-DnA3￿ iru hdfk
| ' DccD n A  






zklfk ghshqgv srvlwlyho| rq d 2A  2 glphqvlrqdo yhfwru ri lqwhuhvw idfwruv1
Wklv hfrqrp| dgplwv d xqltxh vwdwlrqdu| uhdo htxloleulxp exw qr shulrglf uhdo htxlole0
uld1 Vwdwlrqdu| htxloleuld duh frqvwdqw lqwhuhvw udwh vhtxhqfhv -| ' -￿ : f ru jhrphwulf sulfh
vhtxhqfhv R| ' Rf E-￿
3| c vdwlvi|lqj E|'firu | 'f c	c	2c Wkh lqfuhdvlqjqhvv ri wkh
vfkhgxoh 5￿ uxohv rxw pxowlsoh vwhdg| vwdwhv/ dqg Nhkrh hw do1 +4<<4/ ss1 4648, ghprqvwudwh
wkdw rqh vxfk vwdwh h{lvwv e| erxqglqj 5￿ iurp deryh dqg ehorz1 Zh vxp xs lq wkh iroorzlqj=
5:Ohppd 51 +Xqltxhqhvv ri wkh vwhdg| vwdwh1, Zhdn jurvv vxevwlwxwhv lpso| wkdw d xqltxh
qrqprqhwdu| vwhdg| vwdwh h{lvwv1
Ri lpphgldwh frqfhuq wr xv duh kljk0iuhtxhqf| dgmxvwphqwv wr whpsrudu| h{whuqdo
vkrfnv dw/ vd|/ | 'f  Wr vwxg| wkh dgmxvwphqw surfhvv/ zh orrn dw krz wkh hfrqrp| hyroyhv
iurp | 'rqzdug hlwkhu diwhu dq xqh{shfwhg vkrfn wkdw glvwxuev d vwdwlrqdu| htxloleulxp dw
| 'fru diwhu dq dqwlflsdwhg srolf| lqwhuyhqwlrq wkdw {hv zhdowk iru doo jhqhudwlrqv dw wkh hqg
ri shulrg | 'f  Lq hlwkhu fdvh/ d qrqvwdwlrqdu| htxloleulxp vhtxhqfh i-|j
"
|’￿ vdwlvhv E|'f c
| ' c2cc soxv A   lqghshqghqw lqlwldo frqglwlrqv zklfk { wkh zhdowk ri doo suh0h{lvwlqj
jhqhudwlrqv dw wkh hqg ri shulrg | 'f 1 Wkhvh lqlwldo frqglwlrqv { ik￿3AEfcck fEfj dqg/ lq
dgglwlrq/ frqvwudlq
Sf
D’￿3A kDE f 'f  Wkh odvw htxdwlrq phdqv wkdw wudqvlwru| jhqhudwlrqv
D 'Accf krog fodlpv djdlqvw hdfk rwkhu rqo|/ qrw djdlqvw frkruwv eruq dw | 'ru odwhu1
Qrqvwdwlrqdu| htxloleuld duh vroxwlrqv wr wkh glhuhqfh htxdwlrq E|'f c zklfk kdv
rughu 2A  2 ru 2u  e lq wkh sulfh yhfwru i-|3An￿cc-|nA3￿jc vxemhfw wr wkh A   lqlwldo
frqglwlrqv1 Nhkrh hw do1 +4<<4/ ss1 9:/ 4;, suryh wkdw wkhuh fdq eh qr pruh wkdq rqh vxfk
vroxwlrq iru hdfk hfrqrp|1
Ohppd 61 +Xqltxhqhvv ri htxloleulxp1, Xqghu zhdn jurvv vxevwlwxwdelolw|/ wkhuh lv dw prvw
rqh htxloleulxp sulfh vhtxhqfh zklfk/ li lw h{lvwv/ frqyhujhv wr wkh vwhdg| vwdwh1
Wzr fruroodulhv ri wklv uhvxow duh wkdw olplw f|fohv fdqqrw h{lvw zkhq frqvxpswlrq jrrgv
duh jurvv vxevwlwxwhv dw doo sulfh udwlrv dqg wkdw olplw f|fohv fdqqrw h{lvw qhdu wkh vwhdg| vwdwh
li jurvv vxevwlwxwdelolw| rewdlqv dw sulfhv qhdu wkh vwhdg| vwdwh0sulfh yhfwru1 Pruh uhohydqw iru
rxu sxusrvhv lv wkh dgghg lpsolfdwlrq wkdw wkh vwhdg|0vwdwh -￿ kdv A  xqvwdeoh hljhqydoxhv
zlwk prgxoxv odujhu wkdq rqh dqg A   vwdeoh hljhqydoxhv zlwk prgxoxv vpdoohu wkdq rqh1
5;Frqyhujhqfh wr -￿ zloo wdnh sodfh rq wkh vwdeoh pdqlirog ri wklv hfrqrp|/ d A  glphqvlrqdo
vxevsdfh ghqhg qhdu -￿ e| wkh hljhqyhfwruv zklfk fruuhvsrqg wr wkh vwdeoh urrwv1
Wuhqg uhyhuvlrq uhtxluhv wkdw ghyldwlrqv iurp wkh vwhdg| vwdwh glh rxw dv gdpshg
rvfloodwlrqv/ qrw dv prqrwrqlfdoo| ghfd|lqj prwlrqv1 Qrqh ri wkh suhfhglqj uhvxowv vd| zkhwkhu
wkh A  vwdeoh hljhqydoxhv duh frpsoh{ ru qhjdwlyh/ dqg lw zrxog vhhp yhu| kdug wr h{wudfw
vxfk lqirupdwlrq derxw wkh qdwxuh ri wkhvh urrwv iurp uvw sulqflsohv1 Wkh pdlq wkhruhwlfdo
uhvxow ri wklv vhfwlrq lv wkdw frqyhujhqfh wr -￿ lqyroyhv vrph gdpshg rvfloodwru| prwlrq1
Irupdoo|/ zh kdyh wkh iroorzlqj=
Wkhruhp 41 Li gdwhg frqvxpswlrq jrrgv duh zhdn jurvv vxevwlwxwhv dw sulfh udwlrv qhdu
-￿/ wkhq wkh xqltxh htxloleulxp sulfh vhtxhqfh i-￿
|j
"
|’￿ c li lw h{lvwv/ fdqqrw eh prqrwrqlf1
Surri1 Prqrwrqlf frqyhujhqfh lpsolhv wkdw iru doo |  / hlwkhu -￿
| :- ￿ ru -￿
| 	- ￿1L q
ylhz ri htxdwlrq +5:,/ wkh uvw dowhuqdwlyh phdqv wkdw Er : f iru doo r   n A   Wkh
vhfrqg dowhuqdwlyh phdqv wkdw Er 	 f iru doo r   n A  1 Erwk lpsolfdwlrqv ylrodwh wkh
htxloleulxp frqglwlrq E|'f 1 
Zh frqfoxgh wkdw vrph ri wkh A   vwdeoh urrwv dvvrfldwhg zlwk wkh vwhdg| vwdwh -￿
pxvw eh frpsoh{ ru qhjdwlyh dqg wkdw dgmxvwphqw lq wkh qhljkerukrrg ri -￿ lv grplqdwhg
e| wkhvh hljhqydoxhv1
5<E1 Frqyhujhqfh lq surgxfwlrq hfrqrplhv
Wkh htxloleulxp ri d surgxfwlrq hfrqrp| zlwk d olih f|foh ri u  2 shulrgv vdwlvhv d
glhuhqfh htxdwlrq ri rughu 2uc zklfk uhsuhvhqwv }hur djjuhjdwh h{fhvv ghpdqg iru dvvhwv/
E|  &E| n 'f c +5;,
soxv u lqghshqghqw lqlwldo frqglwlrqv {lqj wkh zhdowk ri wudqvlwlrqdo jhqhudwlrqv/ wkdw lv/
ik￿3AEfcckfEfj jlyhq
Sf
D’￿3A kDEf  &￿ : f Ghvslwh wkh vlplodulwlhv ehwzhhq wklv hfrq0
rp| dqg wkh suhfhglqj rqh/ Ohppd 6 dqg Wkhruhp 4 gr qrw h{whqg gluhfwo| wr hfrqrplhv zlwk
surgxfwlrq1 Fdoyr +4<:;, dqg Nhkrh +4<;8,/ lq sduwlfxodu/ surylgh h{dpsohv ri qrqxqltxh
htxloleuld lq hfrqrplhv zlwk jurvv vxevwlwxwdelolw| lq frqvxpswlrq dqg d kljk ghjuhh ri frp0
sohphqwdulw| lq surgxfwlrq1 Zh uhfdoo dovr iurp Vhfwlrq 6 wkh vlpxodwlrqv ri wkh ROJ jurzwk
prgho zlwk d wkuhh0shulrg olih f|foh vxppdul}hg lq Iljxuh 71 Lq wkdw jxuh/ wkh vwdeoh hljhq0
ydoxh zlwk wkh odujhvw prgxoxv fdq eh hlwkhu srvlwlyh ru qhjdwlyh/ hyhq iru xwlolw| ixqfwlrqv
vdwlvi|lqj 	/ wkdw lv/ ixqfwlrqv iru zklfk frqvxpswlrq jrrgv duh jurvv vxevwlwxwhv dw doo
sulfh udwlrv1 Khqfh/ jurvv vxevwlwxwdelolw| lv qrw vx!flhqw wr uxoh rxw prqrwrqlf frqyhujhqfh
lq ROJ jurzwk prghov zlwk qrqwulyldo olih f|fohv1
Wkh orjlf ri wkhvh frxqwhuh{dpsohv wr xqltxhqhvv dqg wuhqg uhyhuvlrq lv qrw hqwluho|
fohdu/ exw vhhpv wr uhvw rq wkh fruuhodwlrq ri sulfhv zlwk lqfrphv dv dq hfrqrp| dgmxvwv
wrzdug lwv vwhdg| vwdwh1 Lq hqgrzphqw hfrqrplhv/ lqfrphv duh {hg dqg xqfruuhodwhg zlwk
sulfhv ru lqwhuhvw udwhv1 Lq surgxfwlrq hfrqrplhv/ krzhyhu/ lqwhuhvw udwhv dqg zdjh lqfrphv
duh qhjdwlyho| fruuhodwhg e| wkh idfwru0sulfh iurqwlhu1
Ghyldwlrqv iurp wkh vwhdg| vwdwh dhfw lqwhuhvw udwhv dqg zdjhv lq rssrvlwh gluhfwlrqv
63dqg h{huw wzr frq lfwlqj irufhv rq vdylqjv sodqv= d kljkhu0wkdq0qrupdo lqwhuhvw udwh whqgv
wr srvwsrqh fxuuhqw frqvxpswlrq dqg udlvh dvvhw kroglqjv/ zkloh d orzhu0wkdq0qrupdo zdjh
udwh +dqg zdjh lqfrph, zloo orzhu dvvhwv dv wkh krxvhkrog eruurzv djdlqvw ixwxuh hduqlqjv
wr vprrwk rxw lwv frqvxpswlrq sdwk1 G|qdplf dgmxvwphqw lq surgxfwlrq hfrqrplhv vhhpv
wr ghshqg rq wkh edodqfh ri wkhvh wzr frq lfwlqj irufhv/ wkdw lv/ rq wkh vwhhsqhvv ri wkh
idfwru0sulfh iurqwlhu qhdu wkh vwhdg| vwdwh1 Zh frqmhfwxuh wkdw surgxfwlrq hfrqrplhv zlwk
uhodwlyho|  dw idfwru0sulfh iurqwlhuv zloo ehkdyh olnh hqgrzphqw hfrqrplhv1
81 Pdwfklqj prghov zlwk gdwd
Frpsdulqj wkh wdeohv ri Vhfwlrq 5 zlwk wkh vlpxodwlrqv ri Vhfwlrq 6 uhyhdov uhpdundeoh
txdolwdwlyh vlplodulwlhv lq wkh g|qdplf dgmxvwphqw sdwwhuq ri djjuhjdwh wlph vhulhv dxwruh0
juhvvlrqv zlwk wkdw ri olih f|foh hfrqrplhv1 YDUv dqg olih f|foh prghov glvsod| d shuvlvwhqw/
vhoi0uhyhuvlqj uhvsrqvh wr whpsrudu| rxwsxw dqg lqwhuhvw0udwh vkrfnv1 Wkh grplqdqw hljhq0
ydoxhv ri KS0owhuhg dqg txdgudwlf owhuhg txduwhuo| YDUv lq Wdeohv 5/ 7/ dqg 8 duh frpsoh{
zlwk prgxoxv lq wkh lqwhuydov ^31:8/ 31;3` dqg ^31:8/ 31<3`/ uhvshfwlyho|1 Wkh fkdudfwhulvwlf
urrwv ri hpslulfdoo| sodxvleoh vlpxodwlrqv ri 880shulrg ROJ hfrqrplhv duh dovr frpsoh{ zlwk
prgxoxv ehwzhhq 31;3 dqg 31<;1 Dv d ehqfkpdun/ zh qrwh wkdw wkh xqltxh vwdeoh hljhqydoxh
ri wkh prvw edvlf rswlpdo jurzwk prgho lv 31<:8 iru txduwhuo| wlph shulrgv1<
Zkhq dgmxvwphqw wr h{whuqdo vwrfnv lv grplqdwhg e| d sdlu ri frpsoh{ hljhqydoxhv
 	 >c dv lw lv lq erwk ROJ prghov dqg dxwruhjuhvvlrqv ri srvwzdu X1V1 djjuhjdwh wlph
<Wklv uhsuhvhqwv wkh vwdeoh hljhqydoxh ri d prgho zlwk d {hg oderu vxsso|/ qr dgmxvwphqw frvwv ri dq| w|sh/
krprwkhwlf lqvwdqwdqhrxv xwlolw| x+f,@+ 4 ,
￿4 f4￿￿> Free0Grxjodv whfkqrorj| i+n,@n￿> dqg frqvwdqw
fdslwdo ghsuhfldwlrq dqg xwlolw| glvfrxqw udwhv +>,/ uhvshfwlyho|1 Zh forvh wkh sdudphwhul}dwlrq +>>>, @
+3=66>3=34>5>3=35, dqg wkh wlph xqlw wr eh d txduwhu1 Wkh vwdeoh hljhqydoxh lv wkh rqo| urrw ri wkh sro|qrplqdo
+,@








Zkhq  dqg  duh vpdoohu wkdq 3=38/ wkh vwdeoh hljhqydoxh lv zhoo dssur{lpdwhg e| 4 
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64vhulhv/ wkh lpsxovh uhvsrqvh ri d ghyldwlrq iurp d vwdwlrqdu| wuhqg vxemhfw wr lqlwldo frqglwlrqv





zkhuh o lv wkh prgxoxv ri hdfk urrw> wkdw lv/ o  E2 n >2
￿*2 dqg ULtw  *o1
Dq| vhtxhqfh i%|j
"
|’f frqiruplqj wr htxdwlrq +814, glvsod|v srvlwlyh dxwrfruuhodwlrq dw
kljk iuhtxhqflhv +wkdw lv/ %|%|n￿ : f, dqg wuhqg uhyhuvlrq wzlfh lq hdfk f|foh +wkdw lv/ %|%|n￿ 	
f,1 Wkh qdwxudo txhvwlrq wr dvn qh{w lv/ Fdq zh ghyhors txdolwdwlyh vlplodulwlhv ehwzhhq olih
f|foh hfrqrplhv dqg DU uhsuhvhqwdwlrqv ri djjuhjdwh wlph vhulhv lqwr d txdqwlwdwlyh pdwfkB
Lv wkhuh/ lq sduwlfxodu/ d uhdolvwlf sdudphwhul}dwlrq ri dq ROJ hfrqrp| wkdw zloo gxsolfdwh
wkh dxwrfruuhodwlrq/ vshfwudo ghqvlw|/ dqg lpsxovh0uhvsrqvh ixqfwlrqv ri uhgxfhg0irup YDUvB
Gxsolfdwlqj wkh hyroxwlrq ri X1V1 rxwsxw dw f|folfdo iuhtxhqflhv kdv suryhg wr eh d
gl!fxow mre iru dq| jurzwk prgho/ dv grfxphqwhg/ iru lqvwdqfh/ e| Exuqvlgh/ Hlfkhqedxp/
dqg Uhehor +4<<6,/ Frjoh| dqg Qdvrq +4<<8,/ dqg Urwhpehuj dqg Zrrgirug +4<<9,1 Prghov
edvhg rq rqh0vhfwru rswlpxp jurzwk dqg rqh0vhfwru lqqlwh olih f|foh ryhuodsslqj jhqhudwlrqv
whqg wr glvsod| shuvlvwhqfh dqg qr wuhqg uhyhuvlrq ehfdxvh wkhlu grplqdqw hljhqydoxhv duh
srvlwlyh1 Whpsrudu| rxwsxw vkrfnv ghfd| prqrwrqlfdoo| dqg kdyh dq lpsolhg kdoi0olih wkdw
ydulhv iurp 5 wr 53 txduwhuv1 Shuvlvwhqfh fdq eh fkdqjhg e| wzhdnlqj vrph sdudphwhuv/ iru
h{dpsoh/ e| dgglqj dgmxvwphqw frvwv wr fdslwdo ru oderu/ orzhulqj wkh ghsuhfldwlrq udwh/ ru
udlvlqj wkh hodvwlflw| ri lqwhuwhpsrudo oderu vxevwlwxwlrq143 Dv zh h{sodlqhg lq Vhfwlrq 4/
wuhqg uhyhuvlrq fdqqrw rffxu zlwkrxw pdmru ghsduwxuhv iurp qrupdo sdudphwhu ydoxhv1
43Doo wkhvh dgghg ihdwxuhv vorz gxulqj wkh dgmxvwphqw ri wkh fdslwdo0oderu udwlr wr lwv vwhdg| vwdwh/ hlwkhu e|
uhgxflqj wkh hodvwlflw| ri vdylqj wr ghyldwlrqv ri wkh fdslwdo0oderu udwlr iurp wkh vwhdg| vwdwh ru e| jhqhudwlqj
oderu vxsso| pryhphqwv lq wkh vdph gluhfwlrq1
65Erwk shuvlvwhqfh dqg wuhqg uhyhuvlrq duh exlow lqwr olih f|foh hfrqrplhv zkhq frqvxps0
wlrq jrrgv duh zhdn jurvv vxevwlwxwhv dqg surgxfwlyh idfwruv kdyh d uhodwlyho|  dw idfwru0sulfh
iurqwlhu1 Wkhvh txdolwdwlyh ihdwxuhv vwhp iurp wkh lqwhudfwlrq ehwzhhq djjuhjdwh vdylqj eh0
kdylru dqg wkh glvwulexwlrq ri zhdowk ryhu frqvxphu frkruwv1 Dw dq| srlqw lq wlph/ djjuhjdwh
frqvxpswlrq lq d olih f|foh hfrqrp| uh hfwv wkh glvwulexwlrq ri shupdqhqw lqfrph dprqj
dfwlyh krxvhkrogv/ qrw mxvw djjuhjdwh shupdqhqw lqfrph1 Zkhq wkdw glvwulexwlrq  xfwxdwhv/
vr zloo hfrqrplf djjuhjdwhv1
Pdwfklqj olih f|foh prghov zlwk gdwd vhhpv wr xv txlwh d fkdoohqjh1 Iru h{dpsoh/
wkh vlpxodwlrqv ri 880shulrg prghov lq Vhfwlrq 6 ohdg xv wr eholhyh wkdw ROJ prghov kdyh
wrr pxfk shuvlvwhqfh/ hyhq zlwk qr lqwhuwhpsrudo vxevwlwxwdelolw| lq wkh oderu vxsso|1 Wkhlu
grplqdqw hljhqydoxhv lpso| wkdw whpsrudu| vkrfnv kdyh h{fhswlrqdoo| odujh kdoi0olyhv udqjlqj
iurp 45 wr 65 txduwhuv1 Dqrwkhu sureohp lv wkh frpsxwdwlrqdo frpsoh{lw| ri d txduwhuo| olih
f|foh prgho zlwk srvlwlyh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dqg d olvw ri vwdwh yduldeohv
uxqqlqj lq wkh kxqguhgv1 Ilqdoo|/ h{sodlqlqj wkh kxps0vkdshg qdwxuh ri lpsxovh uhvsrqvhv
pd| suryh dv pxfk ri d sureohp iru olih f|foh prghov dv lw kdv ehhq iru uhsuhvhqwdwlyh djhqw
prghov1 Wkh kxps vkdsh vljqdov dq dpsolhg lpsxovh/ srvvleo| gxh wr d qrqfrqyh{lw| ru
lqglylvlelolw| lq idfwru pdunhwv144
Rqh xvhixo vwhs zrxog eh wr frpsduh lq ghwdlo krz wkh dxwrfruuhodwlrq dqg lpsxovh0
uhvsrqvh ixqfwlrqv lpsolhg e| X1V1 rxwsxw DUv pdwfk wkrvh ri d fdoleudwhg 880shulrg ROJ
hfrqrp|1
44Ehuqdqnh dqg Jhuwohu +4<;<, dqg Udph| dqg Zdwvrq +4<<:, vwxg| krz wkh lqglylvlelolw| ri lqyhvw0
phqw surmhfwv dqg mrev fdq dpsoli| h{whuqdo vkrfnv lq hfrqrplhv zlwk sulydwh lqirupdwlrq1 D}duldglv
dqg Fkdnuderuw| +4<<;, h{soruh dpsolfdwlrq lq hfrqrplhv zlwk lqfuhdvlqj uhwxuqv wr vfdoh lq qdqfldo
lqwhuphgldwlrq1
6691 Frqfoxvlrqv
Frqyh{ olih f|foh hfrqrplhv zlwk sxuh h{fkdqjh ru zlwk surgxfwlrq xqghu frqvwdqw
uhwxuqv wr vfdoh duh wkh vlpsohvw fodvv ri prghov frqvlvwhqw zlwk wkh wuhqg0uhyhuwlqj ehkdy0
lru ri X1V1 rxwsxw1 Wklv ehkdylru lv grfxphqwhg e| uhgxfhg0irup YDUv lq wkhlu uhvsrqvh
wr whpsrudu| lpsxovhv dqg lq wkhlu fkdudfwhulvwlf urrwv/ zklfk whqg wr eh ryhuzkhoplqjo|
frpsoh{ ru qhjdwlyh1 Frpsoh{ hljhqydoxhv dovr rffxu lq ROJ hfrqrplhv zlwk sxuh h{fkdqjh
zkhq gdwhg frqvxpswlrq jrrgv duh jurvv vxevwlwxwhv qhdu wkh vwhdg| vwdwh dqg djjuhjdwh
vdylqj ghshqgv qrqwulyldoo| rq wkh glvwulexwlrq ri krxvhkrog zhdowk dprqj vxffhvvlyh frkruwv
ri lqglylgxdov1 Zh frqmhfwxuh wkdw dq duud| ri frpsoh{ hljhqydoxhv lv d olnho| ihdwxuh ri doo
olih f|foh hfrqrplhv zlwk d uhdvrqdeo| odujh qxpehu ri ghflvlrq srlqwv lq wkh olih f|foh1 Wkhvh
frpsoh{ hljhqydoxhv duh ri frpsdudeoh prgxoxv wr wkh odujhvw uhdo urrw1
Wkh txdolwdwlyh vlplodulw| ehwzhhq olih f|foh hfrqrplhv dqg YDUv lq wkhlu g|qdplf
dgmxvwphqw sdwkv qdwxudoo| eulqjv wr wkh iruh wkh txhvwlrq ri txdqwlwdwlyh w1 Duh wkhuh hp0
slulfdoo| sodxvleoh sdudphwhul}dwlrqv ri ROJ hfrqrplhv lq zklfk hljhqydoxhv/ dxwrfruuhodwlrq
ixqfwlrqv/ dqg uhvsrqvhv wr whpsrudu| surgxfwlylw| ru oltxlglw| vkrfnv pdwfk txdqwlwdwlyho|
wkrvh ri wwhg YDUvB Vhfwlrq 8 rxwolqhv vrph ri wkh frpsxwdwlrqdo dqg frqfhswxdo sure0
ohpv lqyroyhg lq dqvzhulqj wklv txhvwlrq1 Zh krsh wkdw vrph ri rxu froohdjxhv zloo ehfrph
dgglfwhg wr dqvzhulqj lw1
67Uhihuhqfhv
Dxhuedfk/ D1 M1/ dqg O1 M1 Nrwolnr +4<;:,1 G|qdplf Ilvfdo Srolf|1 Fdpeulgjh Xqlyhuvlw|
Suhvv1
D}duldglv/ F1/ dqg V1 Fkdnuderuw| +4<<;,1 Djhqf| Frvwv lq Prghov ri Hfrqrplf Jurzwk/
iruwkfrplqj lq Hfrqrplf Mrxuqdo1
Edvx/ V1/ dqg M1 J1 Ihuqdog +4<<:,1 Uhwxuqv wr Vfdoh lq X1V1 Surgxfwlrq= Hvwlpdwhv dqg
Lpsolfdwlrqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| 438 +Dsulo,= 57<;61
Ehqkdele/ M1/ dqg U1 H1 D1 Iduphu +4<<7,1 Lqghwhuplqdf| dqg Lqfuhdvlqj Uhwxuqv/ Mrxuqdo
ri Hfrqrplf Wkhru| 96 +Mxqh,= 4<741
Ehqkdele/ M1/ dqg J1 Odurtxh +4<;;,1 Rq Frpshwlwlyh F|fohv lq Surgxfwlyh Hfrqrplhv/
Mrxuqdo ri Hfrqrplf Wkhru| 78 +Mxqh,= 478:31
Ehuqdqnh/ E1/ dqg P1 Jhuwohu +4<;<,1 Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvlqhvv Ioxfwxd0
wlrqv/ Dphulfdq Hfrqrplf Uhylhz :< +Pdufk,= 47641
Eodqfkdug/ R10M1 +4<;8,1 Ghewv/ Ghflwv/ dqg Ilqlwh Krul}rqv/ Mrxuqdo ri Srolwlfdo Hfrq0
rp| <6 +Dsulo,= 5567:1
Eodqfkdug/ R10M1/ dqg G1 Txdk +4<;<,1 Wkh G|qdplf Hhfwv ri Djjuhjdwh Ghpdqg dqg
Vxsso| Glvwxuedqfhv/ Dphulfdq Hfrqrplf Uhylhz :< +Vhswhpehu,= 988:61
Erogulq/ P1 +4<;<,1 Sdwkv ri Rswlpdo Dffxpxodwlrq lq Wzr0Vhfwru Prghov/ lq Z1 D1 Edu0
qhww/ M1 Jhzhnh/ dqg N1 Vkhoo/ hgv1/ Hfrqrplf Frpsoh{lw|= Fkdrv/ Vxqvsrwv/ Exeeohv/
dqg Qrqolqhdulw|/ ss1 564851 Fdpeulgjh Xqlyhuvlw| Suhvv1
Erogulq/ P1/ dqg O1 Prqwuxffklr +4<;9,1 Rq wkh Lqghwhuplqdf| ri Fdslwdo Dffxpxodwlrq
Sdwkv/ Mrxuqdo ri Hfrqrplf Wkhru| 73 +Rfwrehu,= 596<1
68Exuqvlgh/ F1> P1 Hlfkhqedxp> dqg V1 Uhehor +4<<6,1 Oderu Krduglqj dqg wkh Exvlqhvv
F|foh/ Mrxuqdo ri Srolwlfdo Hfrqrp| 434 +Dsulo,= 578:61
Fdoyr/ J1 D1 +4<:;,1 Rq wkh Lqghwhuplqdf| ri Lqwhuhvw Udwhv dqg Zdjhv zlwk Shuihfw
Iruhvljkw/ Mrxuqdo ri Hfrqrplf Wkhru| 4< +Ghfhpehu,= 6546:1
Fkulvwldqr/ O1 M1/ dqg P1 Hlfkhqedxp +4<<5,1 Fxuuhqw Uhdo0Exvlqhvv0F|foh Wkhrulhv dqg
Djjuhjdwh Oderu0Pdunhw Ioxfwxdwlrqv/ Dphulfdq Hfrqrplf Uhylhz ;5 +Mxqh,= 763
831
Frjoh|/ W1/ dqg M1 P1 Qdvrq +4<<8,1 Rxwsxw G|qdplfv lq Uhdo0Exvlqhvv0F|foh Prghov/
Dphulfdq Hfrqrplf Uhylhz ;8 +Mxqh,= 7<58441
Jdol/ M1 +4<<9,1 Pxowlsoh Htxloleuld lq d Jurzwk Prgho zlwk Prqrsrolvwlf Frpshwlwlrq/
Hfrqrplf Wkhru| ; +Dxjxvw,= 584991
Judqgprqw/ M1 P1 +4<;8,1 Rq Hqgrjhqrxv Frpshwlwlyh Exvlqhvv F|fohv/ Hfrqrphwulfd
86 +Vhswhpehu,= <<843781
Kdqvhq/ J1 G1 +4<<6,1 Wkh F|folfdo dqg Vhfxodu Ehkdylrxu ri wkh Oderxu Lqsxw= Frpsdulqj
H!flhqf| Xqlwv dqg Krxuv Zrunhg/ Mrxuqdo ri Dssolhg Hfrqrphwulfv ; +Mdqxdu|0
Pdufk,= :4;31
Kxdqj/ K1> V1  Lpurkrur jox> dqg W1 M1 Vdujhqw +4<<:,1 Wzr Frpsxwdwlrqv wr Ixqg Vrfldo
Vhfxulw|/ Pdfurhfrqrplf G|qdplfv 4 +4,= :771
Nhkrh/ W1 M1+4<;8,1 Pxowlsolflw| ri Htxloleuld dqg Frpsdudwlyh Vwdwlfv/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv 433 +Iheuxdu|,= 44<7:1
Nhkrh/ W1 M1> G1 Ohylqh> D1 Pdv0Frohoo> dqg P1 Zrrgirug +4<<4,1 Jurvv Vxevwlwxwdelolw|
lq Odujh0Vtxduh Hfrqrplhv/ Mrxuqdo ri Hfrqrplf Wkhru| 87 +Mxqh,= 4581
N|godqg/ I1 H1/ dqg H1 F1 Suhvfrww +4<;5,1 Wlph wr Exlog dqg Djjuhjdwh Ioxfwxdwlrqv/
69Hfrqrphwulfd 83 +Qryhpehu,= 4678:31
Odlwqhu/ M1 +4<<3,1 Wd{ Fkdqjhv dqg Skdvh Gldjudpv iru dq Ryhuodsslqj Jhqhudwlrqv
Prgho/ Mrxuqdo ri Srolwlfdo Hfrqrp| <; +Iheuxdu|,= 4<65531
Qhovrq/ F1 U1/ dqg F1 L1 Sorvvhu +4<;5,1 Wuhqgv dqg Udqgrp Zdonv lq Pdfurhfrqrplf
Wlph Vhulhv= Vrph Hylghqfh dqg Lpsolfdwlrqv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 43
+Vhswhpehu,= 46<951
Udph|/ J1/ dqg M1 Zdwvrq +4<<:,1 Frqwudfwxdo Iudjlolw|/ Mre Ghvwuxfwlrq/ dqg Exvlqhvv
F|fohv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445 +Dxjxvw,= ;:6<441
Uhlfkolq/ S1 +4<;9,1 Htxloleulxp F|fohv lq dq Ryhuodsslqj Jhqhudwlrqv Hfrqrp| zlwk
Surgxfwlrq/ Mrxuqdo ri Hfrqrplf Wkhru| 73 +Rfwrehu,= ;<4351
Uðrv0Uxoo/ M10Y1 +4<<9,1 Olih0F|foh Hfrqrplhv dqg Djjuhjdwh Ioxfwxdwlrqv/ Uhylhz ri
Hfrqrplf Vwxglhv 96 +Mxo|,= 798;<1
Urwhpehuj/ M1 M1/ dqg P1 Zrrgirug +4<<9,1 Uhdo0Exvlqhvv0F|foh Prghov dqg wkh Iruh0
fdvwdeoh Pryhphqwv lq Rxwsxw/ Krxuv/ dqg Frqvxpswlrq/ Dphulfdq Hfrqrplf Uhylhz
;9 +Pdufk,= :4;<1
Vdpxhovrq/ S1 D1 +4<6<,1 Lqwhudfwlrqv ehwzhhq wkh Pxowlsolhu Dqdo|vlv dqg wkh Sulqflsoh
ri Dffhohudwlrq/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 54 +Pd|,= :8:;1
Vlpv/ F1 D1 +4<;3,1 Frpsdulvrq ri Lqwhuzdu dqg Srvwzdu Exvlqhvv F|fohv= Prqhwdulvp
Uhfrqvlghuhg/ Dphulfdq Hfrqrplf Uhylhz :3 +Pd|,= 5838:1
Zhlo/ S1 +4<;<,1 Ryhuodsslqj Idplolhv ri Lqqlwho|0Olyhg Djhqwv/ Mrxuqdo ri Sxeolf Hfr0
qrplfv 6; +Pdufk,= 4;6<;1
6:Dsshqgl{
D1 Hljhqydoxhv d ri wkuhh0shulrg hqgrzphqw hfrqrp|
Xqltxhqhvv ri wkh vwhdg| vwdwh 7 - iroorzv iurp wkh prqrwrqlflw| ri wkh h{suhvvlrq
-  e2*sE-c-c zklfk lv ghulyhg iurp htxdwlrq +46,1 Vlploduo|/ zh vkrz wkdw 7 -2 : e 2*
Wklv phdqv wkdw Z kdv d srvlwlyh glvfulplqdqw/ ZE 'nA n (	fc dqg wkdw wkhuh duh
wzr qhjdwlyh hljhqydoxhv zklfk vwudggoh c dv dvvhuwhg lq wkh wh{w1
E1 Surri ri Ohppd 4
Zh vkrz wkdw dvvhw ghpdqg kDE| e| frkruw D dw wlph | ' DccD n A lv lqfuhdv0
lqj lq wkh lqwhuhvw idfwru -| Wr gr wklv/ zh dvn krz kDE| uhdfwv zkhq zh uhsodfh wkh
sulfh yhfwru ERD'E RDccRDnA zlwk E RD'E bRDccbR|cR |n￿ccRDnA ru zlwk E RD'
ERDccR|cR |n￿*bccRDnA*b iru vrph {hg b: Hdfk ri wkhvh vxevwlwxwlrqv udlvhv wkh sulfh
udwlr -| ' R|*R|n￿ zkloh nhhslqj doo rwkhu sulfh udwlrv frqvwdqw1 Zhdn jurvv vxevwlwxwdelo0
lw| phdqv wkdw wkh frqvxpswlrq yhfwruv ESDc	 SDc SD fruuhvsrqglqj wr wkhvh sulfh v|vwhpv zloo
vdwlvi|
	 SDEr  SDEr +63,
iru r ' | n ccD n A dqg
 SDEr  SDEr +64,
iru r ' cc| Iurp wkhvh lqhtxdolwlhv dqg wkh dvvhw dffxpxodwlrq lghqwlw| lq htxdwlrq +57,/
zh rewdlq
	 SDEr  SDEr'-r3￿ d	 kDEr    kDEr  o  d	 kDEr  kDEro  f +65,
6;iru r ' | n ccD n A dqg
 SDEr  SDEr'-r3￿ d kDEr    kDEr  o  d kDEr  kDEro  f +66,
iru r ' Dcc| Lqlwldo zhdowk lv }hur/ dqg udwlrqdo frqvxpswlrq uhtxluhv whuplqdo zhdowk wr
eh }hur dv zhoo> wkdw lv/
kDED n A'	 kDED n A'kDED   '  kDED   ' f +67,
Lqvhuwlqj +67, lqwr +65, dqg +66, ohdgv wr
	 kDEr  kDEr +68,
iru r ' | n ccD n A dqg
 kDEr  kDEr +69,
iru r ' Dcc| Wdnhq wrjhwkhu/ wkhvh wzr lqhtxdolwlhv vkrz wkdw dq lqfuhdvh lq -| udlvhv wkh
hqwluh dvvhw suroh ri frkruw D ' |  Acc|
6<D qrwh wr zrug surfhvvlqj= Wkh jxuhv olvwhg ehorz pxvw uhpdlq lq wkh vdph iroghu
dv wkh sdshu lq rughu iru wkhp wr sulqw lq wklv grfxphqw1
I46577331zpi
I4657:341zpi
I4JFO8331zpi
IlJFOD341zpi
Ilj41zpi
Ilj431zpi
Ilj51zpi
Ilj61zpi
Ilj631zpi
Ilj71zpi
Ilj731zpi
Ilj81zpi
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